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(s*) Process for producing fuel absorbent. 



^- © The invention relates to a process for producing a fuel absorbent, which comprises the steps of: dissolving 
^ an organic polymer having a function of trapping fuel in a solvent to produce a polymer solution; adding a 
crosslinking agent to said polymer solution to allow said organic polymer to react in the presence of said 
crosslinking agent; and collecting, after the completion of the crosslinking reaction, the resultant fine polymer gel 
particles. 

1^ The invention also relates to a porous fuel absorbent produced by the above process comprised of fine 

LO cross-linked organic poiymer formed into particles. The above fuel absorbent along with coatings and a carrier 
^t" may be used to control fuel evaporation loss in automobile canisters or boiler fuel tanks. 
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The above and other objects and features of the invention will appear more fully hereinafter from a 
consideration of the following description taken in connection with the accompanying drawing /vherem one 
example is illustrated by way of example. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic illustration showing the state of bonded oarticles according to Examole 1. Fig. 2 is 
a microphotograph taken by a scanning electron microscope, showing the structure of dried fine polymer 
particles according to Example 1. Fig. 3 is a similar microphotograph of dried fine polymer particles 

*o according to Example 2. Fig. 4 is a schematic illustration showing the state of coated particles according to 
Example 4. Figs. 5 and 6 are microphotographs of fuel absorbent according to Example 4, shewing its grain 
structure before being coated (Fig. 5) or after being coated (Fig. 6). Figs. 7A and 7B are views explaining a 
canister according to Example 8. Figs. 8A and 8B are schematic views illustrating the porosity of fine 
particles and grains of fuel absorbent. Fig. 9 is a schematic illustration showing the bonding state of bonded 

-5 fine polymer particles in the fuel absorbent according to Example 9. Fig. 10 is a microphotograph taken by 
a scanning electron microscope, showing the structure of dried fine polymer particles according to Example 
9. Fig. 11 is a schematic illustration showing the bonding state of the fine polymer articles in the fuel 
absorbent according to Example 12. Fig. 12 is an electron scanning microphotograph showing the structure 
of particles in the coated fuel absorbent according to Example 12. 

20 Fig. 13 is a schematic illustration showing the state of bonded fine polymer particles in the fuel 
absorbent according to Example 16. Fig. 14 is a schematic illustration showing the rate of fine polymer 
particles in the supported fuel absorbent according to Example 17. 

Fig. 15 is a schematic illustration showing the state bonded fine polymer particles in the fuel absorbent 
according to Example 19. Fig. 16 is a schematic illustration showing the state of fine polymer particles in 

25 the supported fuel absorbent according to Example 21. 

Fig. 17 is a schematic illustration showing the state of bonded fine polymer particles in the supported 
fuel absorbent according to Example 24. Fig. 18 is a schematic illustration showing the state of bonded fine 
polymer particles in the supported fuel absorbent according to Example 25. 

30 DETAILED DESCRIPTION OF THE INVENTION 



This invention has five aspects which will hereinafter be described in detail. 

According to the first aspect of this invention, there is provided a process for producing a fuel 
absorbent, which comprises dissolving an organic polymer having the function of trapping fuel into a 
35 solvent; adding with stirring the resulting polymer solution to a separately prepared solution containing a 
dispersant, to allow the organic polymer to react in the presence of a crosslinking agent; collecting, after the 
completion of the reaction, the fine polymer gel particles formed; and then subjecting the polymer particles 
collected to drying and granulation in such a state at least part of the dispersant remains thereon. 

The most characteristic feature of this process is that the fuel absorbent is produced by reacting an 
jo organic polymer having the function of trapping fuel in a dispersant containing solution in the presence of a 
crosslinking agent; collecting the fine polymer gel particles formed; and then subjecting the polymer 
particles to granulation in such a state where the dispersant attached to the particles are not removed at all 
or in such a state where part of the dispersant remains thereon. 

By "organic polymer having the function of trapping fuel" is herein meant an organic polymer that is 
j.5 capable of trapping evaporated fuel (and leaked fuel liquid, too) and can be cross-linked to at least such a 
level where a gel is formed, By the phrase "function of trapping" is herein meant the capability of dissolving 
fuel or of being swollen by fuel. 

The phrase "to allow the polymer to react" herein means the polymer to undergo any chemical 
reactions, including crosslinking and polymerization. In the present process, such reactions can be ailowed 
50 to proceed by means suspension polymerization or emulsion polymerization in the presence of a dispersing 
agent. 

Examples of organic polymers usable in the present process include polypropylenes. polyethylenes. 
polyisoprenes, poiybutadienes, polyisobutylenes. polystyrenes, polynorbornenes, silicone polymers such as 
vinylmethy! silicon, phenyl methyl silicon and methyl silicon, ethy iene-propylene-diene copolymers, styrene- 
55 butadiene copolymers, ethylene-propylene copolymers, isobutylene-isoprene copolymers, butadiene-ac- 
ryicmtrile copolymers, ethylene-vinyi acetate copolymers, acrylic polymers, styrene-isoprene copolymers, 
epoxy polymers, epichlorohydrin polymers such as epichlorohydrin-ethylene ox;de and epichlorohydrin. and 
the like 
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If desired, crosslinking a.ds may be Sed "ocInT T Com P° u " ds < and the like. 

Examples of crosslinking a,ds usab e To ^™ ?™T kin ? ^ to promote the reaction. 
'5 agents include tetrahydrofurfuryl methacrylate l2L n l diml ab ° ve - mentio ^ d perox,de crosslinking 
ethylene glycol methacry.ate. l^bi^eTa^^ J ^^ ^ 1 ' 3 ' butylene dimethacrylate, poly 
cium dimethacrylate, trially. ,socyan raTe ' U TlX^T'T^ meth *cry,ate cal- 

butadiene, sulfur, and the like. Other convent ona -™ ?' d ' V ' ny ' ben2ene - P-quinone ox,me, 1,2-ooly- 

o c ~^ M r a9ents ^-~:7:^z a,ds can a,so be — * ^ 
■ to 20 ™ 1 to 20 ^ and ™° - « amount * 0 

container containing the polymer' solution Ta b TolLT * ° f ^ P °' ymer - Alternivety. a 

5 "cs^r r^^" - wi,h ni,ro9en 9as - By 
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solution at a concentration of ca. 1 to 5 wt% 9 S ° IUt '° n - Dis P ersan t ™ y be contained in the 

P ha S ? s e ;^%rCr n an°d a^ac^C S^Xmer la^T * ^ " to ^ "*> *° 
a paste of creamy fine polymer gel oarticles The oaste rnl ^ (UPPer ^ ' S Separated t0 c °"ect 
s-ze (an average particle diameter) of 10 to Too um Sin J" 6 P °' ymer 9el particles ha ™9 a grain 

a»air,r:,r- - - - » - »--= n ^£— d , SP l„ t 

obtainable fuel absorbent is composed of fine D0 | V mer n' 1 i 9 ^ S ' 28 ° f Ca ' 1 to 5 mm - T he thus 
as PVA, which is present on the surface oMhe ZZ^t ~ ""T" b ° nd6d W ' th the d ' Spersant ' s ^ h 
absorbent, the dispersant p,ays a role as a binder ( 9S ' ' ^ 2) ' ,n ° ther ^ m this fuel 

T A TO^% ST£^ - - —on. - warm 

polymer have been washed away, but a sma.l portion '« Z 1 ■ 9 39601 Crosslinkin 9 aid and unreacted 
part.Ces are then dried and granulated asXeTL?^ rSmainS - The resu,ti ^ Po'V-er 

a fuel absorbent composed of fine polymer particles mnt,? f,f \ , f dls P^sant functions as a binder, and 

<t is also possible to carry out the ^washinT bv usTnn T i ^ ^ Can be obtain ed. 

the creamy fine polymer gel particles .T^VZe^ the disp — ^ this case. 

9-ve fine polymer particles having the dispersan ^remamino on thf h T ^ SUCh 3 SOlvent to 
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It can be preferable to additionally form a coating of reactive substance or the surface of the fuel 
absorbent. By such a coating, the strength of the fuel aosorbent can be further improved and its durability 
against the absorption-desorption cycle can be further improved- It can be effective, cases where the 
porosity of the absorbent is no iess important than its strength, :o f orm a coating of reactive substance 
5 having a network structure, thus preventing pores in the primary particles of the absorbent from being 
clogged by the coating. By the term "reactive substance" is herein meant a substance which is capable of 
undergoing such a reaction as crosslinking, elongation of cnain, or the like. Thermosetting resins can oe 
useci with advantage as a reactive substance. Soecific examples of usao.e thermosetting resins include 
urethane, epoxy. silicone and ammo resins, 
•o The coating can be formed, e.g., by spraying a solution concentration (1 to 50%) of a reactive 

substance onto the surface of the fuel absorbent, or by dipping the absorbent into such a solution. 
Examples of solvents usable for the solution include aromatic hydrocarbons. f atty hydrocarbons, alccnols. 
ketones, water, and the like, ft can be preferable to form a coating layer wmch can be flexible enough to 
foilcw any possible deformation of the absorbent. 
*5 The thickness of the coating is preferably m the range of 0.1 to 500 am. When it is less than 0.1 urn, 

the strength of the fuel absorbent will be improved only insufficiently, whereas when it exceeds 500 am, 
there may result a marked decrease in its fuel trapping capacity. 

Such a coating can also be applied to the fuel absorbent prepared from fine polymer gel particles 
washed with hot water, as well as to the fuel absorbent prepared from fine polymer gel particles washed 
20 with a solvent not dissolving the dispersant. 

The thus obtainable fuel absorbent is basically in the form of granules, and the granules can be shaped 
into any desired form, including, e.g., honeycombs, plates and films. 

The fuel absorbent according to the present invention does not dissolve in fuel and only swells by 
trapping (or absorbing) evaporated fuel. The absorbent can therefore be regenerated by purging (or 
25 eliminating) the trapped fuel, and used repeatedly. 

The fuel absorbent according to the invention can be used not only in automobile canisters, but in any 
other evaporation loss control devices, including those to be applied to fuel tanks of boilers. 

One characteristic feature of the porous fuel absorbent obtainable by the process of the invention lies in 
that primary particles of the organic polymer having the function of trapping fuel are mutually bonded with 
30 the binder, forming pore-rich coarse secondary particles. 

It should be noted that the absorbent, when added to a container, constitutes a pore-rich, highly efficient 
fuel absorbent with fine pores among primary particles, and coarse pores among secondary particles. In 
addition, such a pore-rich structure is fixed by the binder (or dispersant). On the assumption, as shown in 
Fig. 8A, that both the fine polymer particles 50 (primary particles) and the fuel absorbents 5 (secondary 
35 particles) are perfectly spherical, the theoretical total porosity (i.e., the combined porosity of the primary 
pores and the secondary pores) in the container 10 containing the absorbent 5 is as high as ca. 73%. On 
the other hand, when fine polymer particles 50 are simply placed in the container 10, as shown in Fig. 8B. 
there will be formed primary pores alone, giving a porosity as low as ca. 48%. 

The fuel absorbent produced in accordance with the process of the invention is highly capable of 
40 trapping fuel. This is because the organic polymers used as a base material have the power to swell to a 
considerable extent through absorption of fuel, such as gasoline, due to its strong affinity for evaporated 
fuel. 

The fuel absorbent is produced by reacting such a polymer in the presence of a crosslinking agent, 
using a dispersant, and the dispersant per se is later used as a binder as it is. Accordingly, the fuel 
-is absorbent can be produced without using any additional binder. 

In addition, the absorbent according to the invention has an increased physical strength as a whole 
since the fine polymer particles contained therein are mutually bonded with the dispersant. The absorbent 
can therefore be highly excellent in its durability against the absorption-desorption cycle, i.e., repeated 
trapping and releasing of fuel. 
so Moreover, in the fuel absorbent according to the invention, the organic polymers are chemically bonded 

to each other, and hence the resultant fuel absorbent has a three-dimensional structure. Because of this, the 
absorbent can be highly flexible as a whole and exhibits a highly enhanced fuel trapping capability. 

When the fuel absorbent has swelled through absorption of fuel, the evaporation loss control device 
containing the same can be subjected to purging to release the trapped fuel. The absorbent recovers its 
55 fuel trapping ability through the purging and can therefore be used repeatedly. 

As described hereinabove, there can be provided a process for producing a fuel absorbent which is 
excellent not only in durability against the absorption-desorption cycle, but in the ability of trapping fuel. 

As the second aspect of this invention, there is provided a process for producing a fuel absorbent. 
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which comprises dissolving an organic polymer having the function of trapping fuel into a solvent; adding 
with stirring the resulting solution to a separately prepared solution containing a dispersant, to allow the 
organic polymer to react in the presence of a crosslinking agent; collecting, after the completion of the 
reaction, the fine polymer gel particles formed; coating the fine polymer gel particles collected on a earner 
5 in such a state at least part of the dispersant remains thereon; and then subjecting the resulting product to 
drying. 

The most characteristic feature of this process is that the fuel absorbent is produced by reacting an 
organic polymer having the function of trapping fuel in a dispersant containing solution in the presence of a 
crosslinking agent; collecting the fine polymer gel particles formed; and then coating the fine polymer gel 
70 particles on a carrier and drying in such a state where the dispersant attached to the particles are not 
removed at all or in such a state where part of the dispersant remains thereon. 

The phrase "to allow the polymer to react" herein means to allow the polymer to undergo any chemical 
reactions, including crosslinking and polymerization. In the present process, such reactions can be allowed 
to proceed by means of suspension polymerization or emulsion polymerization in the presence of a 
75 dispersing agent. 

The organic polymer, solvent, crosslinking agent, crosslinking aid and dispersant used in this process 
and the following ones are the same as in the former process unless otherwise stated. 

The organic polymer and the solvent are used preferably in the following ratio: organic polymer, 2 to 50 
wt%; solvent, 50 to 98 wt%. 

20 Crosslinking agents can be used in an amount of 1 to 20 wt%, and crosslinking aids in an amount of 0 
to 20 wt%, both based on the weight of the polymer. 

It can be preferable to remove oxygen from the solution of the organic polymer before it is subjected to 
the reaction. For example, nitrogen gas can be bubbled into a solution of the polymer. Alternatively, a 
container containing the polymer solution may be repeatedly evacuated and filled with nitrogen gas. By 
25 such operations, oxygen gas dissolved in the solution can be removed therefrom. 

A dispersion is then prepared by adding the polymer solution to a dispersant-containing solution, during 
which the latter solution is stirred and heated at a temperature of 40 to 55' C. The reaction of the polymer 
is allowed to proceed, while stirred with heating, until the crosslinking agent has been decomposed almost 
completely. It can be preferable to subject the dispersant-containing solution to deoxidation. as in the case 
30 of the polymer solution. In usual cases, water is used as a solvent for the dispersant containing solution. 
Dispersant may be contained in the solution at a concentration of ca. 1 to 5 wt%. 

After the completion of the reaction, the reaction mixture is cooled to allow it to separate into two 
phases: a polymer layer and aqueous layer. Then, the polymer layer (upper layer) is separated to collect a 
paste of creamy fine polymer gel particles. The paste contains fine polymer gel particles having grain size 
35 of 10 to 100 urn, together with the solvent and the dispersant. 

Subsequently, the creamy polymer gel particles are coated on the surface of a carrier and dried. During 
the course of drying, the solvent is released, thereby forming a porous fuel absorbent comprising a carrier 
having thereon a large number of fine polymer particles bonded with the dispersant. 

Examples of carriers usable in the present invention include granules, plates, cloths, nets and threads, 
40 which can be made of, e.g., plastics, ceramics or metals. The coating of the fine polymer gel particles can 
be effected by means of dipping. Alternatively, the creamy fine polymer gel particles, either diluted or not 
diluted with water or other solvents, can be applied onto the surface of a carrier by using a spray gun, or 
the like. It is also possible to utilize the roller coating technique to coat the creamy fine polymer gel 
particles onto a carrier. 

45 ^ In the thus obtainable fuel absorbent, the fine polymer particles are mutually bonded with the 
dispersant, such as PVA, which is present on the surface of the particles and functions as a binder (see 
Figs. 9 and 10). On the surface of the fine polymer particles is formed a layer of the dispersant that 
contributes to the mutual bonding of the fine particles, as well as to the bonding of the particles to the 
carrier, and the particles and the carrier constitute a porous spatial structure capable of trapping fuel in a 

so highly efficient manner. 

Alternatively, the creamy fine polymer gel particles are washed, immediately after the reaction, with 
warm water of 50 to 70° C, up to such a state where the crosslinking agent, crosslinking aid and unreacted 
polymer have been washed away, but a small portion of the dispersant still remains. The resulting fine 
polymer gel particles are then coated on carrier and dried. In this case, too, the dispersant functions as a 

55 binder, and a fuel absorbent comprising a carrier having thereon fine polymer particles mutually bonded 
with the binder can be obtained. 

It is also possible to carry out the washing by using a solvent not dissolving the dispersant. In this case, 
the creamy fine polymer gel particles are washed, immediately after the reaction, with such a solvent to 
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give fine polymer particles having the dispersant remaining on the whole surface thereof. The desired fuel 
absorbent consisting of a earner having thereon fine polymer particles mutually bonded with the dispersant 
can be obtained by coating :ne -esulting oartides on a earner and then subjecting the coated product 
drying. 

5 Examples of solvents not dissolving the dtspersant Include toluene, ethyl alcohol, and the like. Although 

;he crosslinking agent, crosslinking aid and unreacted polymer are cashed away during the course of the 
washing, the dispersant remains unremoved. 

It can be preferable to acatioraily form a coating of reactive substance on the surface of f he fuel 
absorbent. By such a coating, the strength of the fuel absorbent can be further improved and its durability 
>o against the absorption-desorpticn cycle can be further improved. In cases where the porosity of the 
absorbent is no less important than its strength, the volume of usable reactive substance is subject to 
restriction, in order not to clog the pores with the coating. 

By the term "reactive substance" is herein meant a substance which is capable of undergoing such a 
reaction as crosslinking, elongation of chain, or the like. Thermosetting resins can be used with advantage 
75 as a reactive substance. Specific examples of usable thermosetting resins include urethane. epoxy, silicone 
and amino resins. 

The coating can be formed, e.g., by spraying a solution (concentration: 1 to 50%) of a reactive 
substance onto the surface of the fuel absorbent, or by dipping the absorbent into such a solution. 
Examples of solvents usable for the solution include aromatic hydrocarbons, fatty hydrocarbons, alcohols, 
20 ketones, water, and the like. It can be preferable to form a coating layer which can be flexible enough to 
follow any possible deformation of the absorbent. 

The thickness of the coating is preferably in the range of 0.1 to 500 am. When it is less than 0.1 am, 
the strength of the fuel absorbent will be improved only insufficiently, whereas when it exceeds 500 am, 
there may result a marked decrease in its fuel trapping capacity. 
25 Such a coating can also be applied to the fuel absorbent prepared from fine polymer gel particles 
washed with warm water, as well as to the fuel absorbent prepared from fine polymer gel particles washed 
with a solvent not dissolving the dispersant. 

Although the shape of the thus obtainable fuel absorbent is basically identical with that of the carrier 
used, it can be shaped into any desired form, including, e.g., honeycombs, plates and films. 
30 The fuel absorbent according to the present invention does not dissolve in fuel and only swells by 

trapping (or absorbing) evaporated fuel. The absorbent can therefore be regenerated by purging (or 
eliminating) the trapped fuel, and can be used repeatedly. 

The fuel absorbent according to the invention can be used not only in automobile canisters, but in any 
other evaporation loss control devices, including those to be applied to fuel tanks of boilers. 
35 In the porous fuel absorbent obtained by the process of the invention, fine particles of an organic 

polymer having the function of trapping fuel are mutually bonded with a binder, forming a pore-rich spatial 
structure, and at the same time are bonded to a carrier with the same binder. 

It should be noted that the fuel absorbent having such a skeleton of carrier can be highly resistant to 
impact, can be distributed uniformly in a fuel-absorbing chamber, and is capable of trapping fuel in a highly 
40 efficient manner, because of the pore-rich spatial structure. 

The fuel absorbent produced in accordance with this process is consists of a carrier and a porous layer 
cf fine poiymer particles formed on the surface of the carrier. The porous layer on the carrier is highly 
capable of trapping fuel. This is because the organic polymer used as a base material has the power to 
swell to a considerable extent through absorption of fuel, such as gasoline, due to its strong affinity for 
J5 evaporated fuel. 

The fuel absorbent as a whole has a markedly enhanced strength since it is provided with a skeleton of 
carrier. In addition, the absorbent has a large surface area for the volume of fine polymer particles since the 
particles are positioned on the surface of the carrier, forming a layer having fine pores between fine 
particles. Accordingly, the absorbent can be high in its capacity of trapping fuel, per unit volume of fine 
so polymer particles. 

The fuel absorbent is produced by reacting such a polymer in the presence of a crosslinking agent, 
using a dispersant, and the dispersant per se is later utilized as a binder as it is. Accordingly, the fuel 
absorbent can be produced without using any additional binder. 

In addition, the absorbent according to the invention has an increased strength as a whole since the fine 
55 polymer particles contained therein are mutually bonded with the dispersant. The absorbent can therefore 
be highly excellent m its durability against the absorption-desorption cycle, i.e.. repeated trapping and 
releasing of fuel. The durability can be further improved when the absorbent is provided with the coat'ng. as 
described hereinabove. 
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Moreover, in the fuel absorbent according to the invention, the organic polymers are'chem.cally bonded 
to each other, and hence the resultant fuel absorbent has a three-d.mensional structure. Because of this the 
absorbent can be highly flexible as a whole and exhibits a highly enhanced fuel trapping capability 

When the fuel absorbent has swelled through absorption of fuel, the evaporation loss control dev.ce 
contammg the same can be subjected to purging to release the trapped fuel. The absorbent recovers its 
fuel trapping ability through the purging and can therefore be used repeatedly 

As described hereinabove, there can be provided a process for producing a fuel absorbent which * 
exce lent not only m durability against the absorption-desorption cycle, but in the ability of trapoing fuel ~ 

As the th ' rd as P3* of this invention, there is provided by the present invention a process for oroducing 
a fuel absorbent, which comprises dissolving into a solvent an organic polymer having the function of 
trapping fuel and a thermoplastic resin binder; allowing the organic polymer to react in the presence of a 
cross nking agent; collecting, after the completion of the reaction, the polymer gel formed drying and 
granulating the polymer gel to obtain intermediate granules; and then heating the granules to a temperature 
at which said thermoplastic resin binder fuses. temperature 

By "organic polymer having the function of trapping fuel" is herein meant an organic polymer that is 
capable of trapping evaporated fuel (and leaked fuel liquid, too, and can be crosslinked to at least such a 

"™ jc.jzot phrase ,,function of trappin9 " ,s herem meant the ™ of 

• rea J hS Phra f e " t0 all0w the po, y mer t0 react " herein means to allow the polymer to undergo any chemical 
reasons, including crosslinking and polymerization. Such reactions can be allowed to proceed in any form 
including, e.g suspension polymerization, emulsion polymerization and solution polymerization As is 
shown herembelow, fine polymer gel particles are obtained when such polymers are subjected o 
suspension or emulsion polymerization, and a polymer gel is formed in the case of suspension polymeriza- 

wt%- iffSS IT ,he solvent are used preferab,y in the following ratio: or9anic polymer < 2 to 70 

Examples of thermoplastic resins usable as a binder include olefinic resins, such as PP 
(polypropylenes), PE (polyethy.enes), EVA (ethy.ene-vinyl acetate copolymers), etc, styrene resins, such as 

oo vo LTn^?; yren K aCry ' 0n , itri ! e C ° POlymerS ' etC ' ; 3Cry,iC r6SinS; P^arbonate resins; and acid-modified 
polyolefm resins, such as polyolefins grafted with maleic anhydride 

Thp T rpl th H rm ° Pla f iC iS USSd 33 3 bind6r f ° r mUtUa,,y fusin 9 9 ranu,es ' as is ex P' ai ^d hereinbelow 
s^Te^,!S-! e T' Pate HT Sa '- d reaCti ° n ° f ° r9aniC POlVmer 3nd Under 9° eS ^slinking only to 
2nd a tl r 9 ab '" ty ' S n0t substantial| y im P a i^d. It is necessary to use an organic polymer 

and a thermoplastic resin which dissolve in the solvent. fjyymer 

The thermoplastic resin is used in an amount of 10 to 50% by weight, based on the weight of the 
organic polymer. When it is less than 10% by weight, the resin will 'play its role as a binder on" y 

™t !f n ; y ' " Wh6n !t 6XCeedS 5 ° % by Wei9ht ' there ma * result an undesirably low fuel - trapping 

capability due to excessive presence of the resin. capping 

subiIctd h t^hTn a p S , ti f C ; reSin ^ di ! S0 ' Ve o d int ° 3 S °' Uti0n C0Ptaining the ° r9anic P 0| y mer ' before the latter is 
oel oart1c.es »J f 7^ ™™ H Pan of the resin is the ^ -eluded in the structure of fine polymer 

SiSnTt^ract 0 :rr s a bmder therefor - Accordin9,y ' the pms - be physicai,y 

In addition, the particles can be bound by the binder thereby forming porous secondary grains as is 
shown ,n F,g 13. Such grains can be placed in an absorption chamber with a high porosity and hence 
exhibit a highly enhanced absorption efficiency. 

function nftwlf ^ U f 6 a t Crosslinkin 9 ^nt that is capable of crosslinking the organic polymer having the 
func t on of trapping fuel, but is incapable of crosslinking the thermoplastic resin used as a binder 

£ deseed, crosslinking aids may be used together with crosslinking agents to promote the reaction 

to 20 ^ SlSS 8 Th be US t d '? T am0UPt ° f 1 t0 20 Wt% ' 3nd crosslinkin 9 ^s in an amount of 0 
to wt/o, ooth based on the weight of the polymer. 

the tlTJn P F referable to rem0ve ox y9 en f ' rom tne solution of the organic polymer before it is subjected to 
the reaction. For example, nitrogen gas can be bubbled into a solution of the polymer. Alternatively a 
container containing the polymer solution may be repeatedly evacuated and filled with nitrogen gas By 
such operations, oxygen gas dissolved in the solution can be removed. ' 

In the case of suspension polymerization or emulsion polymerization, the reaction can be carried out in 
oLZTZ.t T? 5 e ' 0W ' USin9 3 dis P^ant-conta,ning solution. At first, a solution containing an organic 
P hi 3 " r ° SS , nk ' n9 a 9 ent ,s added with spring to a solution containing a dispersant. The suspension 
is then stirred until the crosslinking agent has been decomposed almost completely, thus allowing the 
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reaction of the organic polymer to proceed in the presence of dispersant. 

Examples of usable dispersant include polyvinyl alcohols (PVA), gelatins, tragacanth gum, gum arabic, 
starch, methyl celluloses, carboxymethyl celluloses, polyacrylates. alkaline soaps, organic amino soaps, 
sulfates of higher alcohols, synthetic surface active agents, such as nonionic surfactants (e.g.. Tweens), 
3 proteins, vegetable gums, alginates, saponin, and the like. 

It can be preferable to subject the dispersant-containing solution to deoxidation prior to the reaction, as 
in the case of the polymer solution. In usual cases, water is usee as solvent for the dispersant-containing 
soiution. Dispersant may be contained in the solution at a concentration of ca.l to 5% by weight. 

After the completion of the reaction, the reaction mixture is cooled to allow it to separate into two 
w phases: a polymer layer and an aqueous layer. Then, the polymer layer (upper layer) is separated, to 
collect a paste of creamy fine polymer gel particles. The paste contains fine polymer gel particles having 
gram size of 10 to 100 ^ together with the thermoplastic resin, the solvent and the dispersant. 

it can be preferable ,o remove the dispersant from the paste by washing it with warm water of 50 to 
70 C. By this operation, there can be obtained fine polymer gel particles composed of fine polymer 
'5 particles blended with the thermoplastic resin. 

Thereafter, the resulting fine polymer gel particles containing the thermoplastic resin are granulated by 
a granulator, such as a high speed mixer or a spray drier, to give intermediate granules having a grain size 
of ca. 1 to 5 mm. In the thus obtained granules, the fine polymer particles are mutually bound in a non-tight 
state with the other blended component, i.e., thermoplastic resin (see Fig. 13). 
20 On the other hand, in the case of solution polymerization, a crossiinking agent is added to a solution of 

an organic polymer, and then the reaction of the polymer is performed without using any dispersant. By this 
reaction, a polymer gel can be obtained. The polymer gei formed is preferably washed with water or a 
solvent, and then reduced into granules having a grain size within the above range, by means of, e.g., 
ordinary pulverization or freeze-pulverization. 
25 The granules are then heated to a temperature at which the thermoplastic resin fuses (for example, 80 
to 120*C in the case of EVA), whereby the thermoplastic resin present on the surface of granules fuses to 
mutually bond the granules, forming a physically strong fuel absorbent. 

Alternatively, a fuel absorbent supported by a carrier can be produced by coating the fine polymer gel 
particles on a carrier. 

30 In this case, the fine polymer gel particles are coated on a carrier and then dried, whereby the solvent 
is released, to form an intermediate product in which a large number of fine polymer particles are bound 
with the thermoplastic resin in a non-tight state and attached on the surface of the carrier. The intermediate 
product is then heated to a temperature at which the thermoplastic resin fuses. By this procedure, there can 
be obtained a supported fuel absorbent comprising fine polymer particles fused on a carrier with the 

35 thermoplastic resin. 

It is also possible to produce a supported fuel absorbent in the same manner as above, by using the 
polymer gel in place of the fine polymer gel particles. 

Examples of usable carriers include granules, plates, cloths and threads, which may be made of 
plastics, ceramics, metals, or the like. The coating of the fine polymer gel particles can be performed by 
jo dipping the carrier into the fine polymer gel particles. Alternatively, the paste of the gel particles can be 
applied on a carrier by using a spray gun, or the like. 

The granular fuel absorbent obtained as above can be shaped into any desired form, including, e.g., 
honeycombs, plates, and films. 

The shape of the fuel absorbent supported by a carrier is basically identical with that of the carrier 
J5 used. The absorbent however can also be shaped into any desired form, including honeycombs and plates. 
The thickness or diameter of such fuel absorbent is preferably in the above range. 

The fuel absorbent according to the present invention does not dissolve in fuel and only swells by 
trapping for absorbing) evaporated fuel. The absorbent can therefore be regenerated by purging (or 
eliminating) the trapped fuel, and be used repeatedly, 
so The fuel absorbent according to the invention can be used not only in automobile canisters, but in any 

other evaporation loss control devices, including those to be applied to fuel tanks of boilers. 

The fuel absorbent produced in accordance with this process is highly capable of trapping fuel. This is 
because the organic polymer used as a base material have the power to swell to a considerable extent 
through absorption of fuel, such as gasoline, due to its strong affinity for evaporated fuel. 
55 In the fuel absorbent according to the present invention, the fine polymer particles are mutually bound 

with the thermoplastic resin. Accordingly, the absorbent as a whole has a markedly enhanced physical 
strength and can be highly resistant against the absorption-desorption cycle to trap and release fuel. 

The organic polymers m the fuel absorbent are chemically bonded to each other, giving a three- 
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dimensional structure to the absorbent. Because of this, the absorbent as a whole can be highly flexible and 
has a highly enhanced fuel trapping capability. 

in the case where the absorbent is supported by a carrier, it has a markedly enhanced physical 
strength as a whole since the carrier functions as a skeleton. In addition, the absorbent as a large surface 
5 area for the volume of fine polymer particles used since the particles are positioned on the surface of the 
carrier. The unit volume capacity of the absorbent to absorb fuel can therefore be high. 

When the fuel absorbent has swelled through absorption of fuel, it can be subjected to purging to 
release the trapped fuel. The absorbent recovers its fuel trapping ability through purging and can therefore 
be used repeatedly. 

w As described hereinabove, there can be provided a process for producing a fuel absorbent which is 
excellent not only in durability against the absorption-desorption cycle, but in the ability of trapping fuel. 

As the fourth aspect of this invention, there is provided by the present invention a process for producing 
a fuel absorbent, which comprises dissolving an organic polymer having the function of trapping fuel into a 
solvent; adding to the resulting solution a binder of thermoplastic resin powders; allowing the organic 
75 polymer to react in the presence of a crosslinking agent, to form a thermoplastic resin powder-containing 
polymer gel; collecting, after the completion of the reaction, the polymer gel formed; subjecting the polymer 
gel to granulation to obtain intermediate granules; and then heating the granules to a temperature at which 
said thermoplastic resin powders fuse and adhere mutually. 

By "organic polymer having the function of trapping fuel" is herein meant an organic polymer that is 
20 capable of trapping evaporated fuel (and leaked fuel liquid, too) and can be crosslinked to at least such a 
level a gel is formed. By the phrase "function of trapping" is herein meant the capability of dissolving fuel 
or of being swollen by fuel. 

The phrase "to allow the polymer to react" herein means to allow the polymer to undergo any chemical 
reactions, including crosslinking and polymerization. Such reactions may be allowed to proceed in any form, 
25 including, e.g., suspension polymerization, emulsion polymerization and solution polymerization. As is 
shown hereinbelow, there can be obtained a gel of fine polymer particles by suspension polymerization or 
emulsion polymerization, and a polymer gel in the case of solution polymerization. 

The organic polymer and the solvent are used preferably in the following ratio: organic polymer, 2 to 
50% by weight; solvent, 50 to 98% by weight. 
30 Examples of thermoplastic resin powders usable as a binder include such crystalline polymers as PP, 
PE, PBT (polybutylene terephthalate), PET (polyethylene terephthalate), POM (polyoxymethylene) and 
nylon. As is explained hereinbelow, such thermoplastic resin powders are used as a binder for mutually 
adhering intermediate granules through their fusion. The resin does not participate in said reaction of the 
organic polymer. It undergoes crosslinking not at all or only to such an extent the fusing ability of the 
35 powders is not substantially impaired. Such thermoplastic resin powders are added to a solvent together 
with an organic polymer. It is however necessary to use thermoplastic resin powders which do not dissolve 
into the solvent completely. 

The thermoplastic resin powders are used in an amount of 20 to 70% by weight, based on the weight of 
the organic polymer. When the amount is less than 20% by weight, the powders will play the role as a 
40 binder only insufficiently, whereas when it exceeds 70% by weight there may result an undesirably low 
fuel-trapping capacity owing to excessive presence of the thermoplastic resin powders, it is preferable to 
use thermoplastic resin powders having a grain size of 0.01 to 2,000 urn. It is preferable to use a 
crosslinking agent that is capable of crosslinking the organic polymer having the function of trapping fuel, 
but is incapable of crosslinking the thermoplastic resin used as a binder. 
45 If desired, crosslinking aids can be used in combination with crosslinking agents to promote the 

reaction. 

Crosslinking agents can be used in an amount of 1 to 20 wt%, and crosslinking aids in an amount of 0 
to 20 wt%, both based on the weight of the polymer. 

It can be preferable to remove oxygen from the solution of the organic polymer before it is subjected to 
so the reaction. For example, nitrogen gas can be bubbled into a solution of the polymer. Alternatively, a 
container containing the polymer solution may be repeatedly evacuated and filled with nitrogen gas. By 
such operations, oxygen gas dissolved in the solution can be removed therefrom. 

In the case of suspension polymerization or emulsion polymerization, the reaction can be carried out in 
the manner set forth below, using a dispersant-containing solution. 
55 At first, a solution containing an organic polymer and a crosslinking agent is added with stirring to a 

solution containing a dispersant. Then, the resulting suspension is stirred until the crosslinking agent is 
decomposed almost completely, thus allowing the reaction of the organic polymer to proceed in the 
presence of a dispersant. 
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Examples of usable dispersants include polyvinyl alcohols -PVA), gelatin, tragacanth gum, gum arabic. 
starch, methyl celluloses, carboxymethyl celluloses, polyacrylates. alkaline soaps, organic amino soaps, 
sulfates of higher alcohols, synthetic surface active agents, such as noniomc surfactants (e.g., Tweens). 
proteins, vegetable gums, alginates, saponin, and the like. 

It can be preferable to subject the dispersant-contammg solution to deoxidation prior to the reaction, as 
m the case of the polymer solution. In usual cases, water is used as solvent for the dispersant-contammg 
solution. Dispersant may be contained in the solution at a concentration of ca. 1 to 5 wt%. 

After the completion of the reaction, the reaction mixture is cooled to allow it to separate into two 
phases: a polymer layer and an aqueous layer. Then the polymer layer (upper layer) is separated to collect 
a creamy paste of polymer gei. The polymer gel contain fine polymer particles naving grain size of 10 to 
100 um; the thermoplastic resin powders as binders which are attached to, and admixed with, the particles; 
the solvent; the dispersant; etc. 

Thereafter, the polymer gel containing the fine polymer particles and the thermoplastic resin powders 
are granulated by a granulator, such as a high speed mixer or a spray drier, to give intermediate granules 
having a grain size of ca. 1 to 5 mm. In the granules so produced, the fine polymer particles are mutually 
bonded in a non-tight state with the thermoplastic resin powders which are present around, and attached to, 
the fine polymer particles (See. Fig. 15). 

The intermediate granules are then heated to a temperature at which the thermoplastic resin powders 
fuse (for example, 140 to 150* C in the case of PE). During the heating, the thermoplastic resin powders, 
which are present around the fine polymer particles, fuse and adhere mutually, thus forming a physically 
strong fuel absorbent (see Fig. 15). 

The thermoplastic resin powders contained in the resulting fuel absorbent are bonded by means of 
thermal fusion. The bonding strength of the powders can be stronger than that of ordinary adhesive binders. 
In addition, the powders are present uniformly on the surface of the fine polymer particles since they are 
subjected to thermal fusion after being admixed uniformly with the fine polymer particles in a hardly soluble 
solvent. The bonding power can therefore be uniform throughout the fuel absorbent, and hence there is less 
danger that the absorbent will be broken at a weakly bonded part. Further, the fuel absorbent has a porous 
structure as shown in Figs. 15 and 16 and hence can absorb fuel in a highly efficient manner. 

On the other hand, in the case of solution polymerization, a crosslinking agent is added to a solution of 
the organic polymer, and then the reaction of the polymer is carried out, without using any dispersant. By 
this reaction, there can be obtained a polymer gel in which the thermoplastic resin powders are dispersed. 
The polymer gel formed is subjected to granulation in the manner as described above, to give intermediate 
granules, which are then heated to a temperature at which the powders can adhere through thermal fusion. 

In a modification of the present process, the thermoplastic resin powders are admixed with a polymer 
gel of fine polymer particles, instead of being added to a solution of the organic polymer prior to its 
reaction, and the resulting mixture is subjected to granulation and heating. In this case, the reaction of the 
organic polymer is performed by means of suspension polymerization or emulsion polymerization. 

Accordingly, there is also provided by the present invention a process for producing a fuel absorbent, 
which comprises dissolving an organic polymer having the function of trapping fuel into a solvent; adding, 
while stirring, the resulting solution to a separately prepared solution containing a dispersant; allowing the 
organic polymer to react in the presence of a crosslinking agent, to form a polymer gel of fine polymer 
particles, collecting, after the completion of the reaction, the polymer gel formed; subjecting the resulting 
resin powder-containing gel to granulation, to obtain intermediate granules; and then heating the granules to 
a temperature at which said thermoplastic resin powders fuse and adhere mutually. 

It is also possible to produce a fuel absorbent supported by a carrier, by coating on a carrier a polymer 
gel containing thermoplastic resin powders (for example, a thermoplastic resin powder-containing gel 
produced by either of the processes described hereinabove). 

To be more specific, a polymer gel containing fine polymer particles and thermoplastic resin powders 
can be coated in a carrier and then dried, to give an intermediate product in which a large number of fine 
polymer particles are weakly bonded with thermoplastic resin powders and attached on the surface of the 
carrier. The intermediate product is then heated to the fusing temperature of the thermoplastic resin 
powders or a temperature higher than that. By this procedure, there can be obtained a supported fuel 
absorbent comprising fine polymer particles bonded to a carrier with fused thermoplastic resin powders. 

A supported fuel absorbent can also be produced in the same manner, by using a mixture of a polymer 
gel prepared by solution polymerization, and thermoplastic resin powders. 

Examples of usable carriers include granules, plates, cloths and threads, which may be made of 
plastics, ceramics, metals, or the like. The coating may be carried out by dipping the carrier into a 
thermoplastic resin powder-contatmng polymer gel. Alternatively, such a gel, if desired after being diluted 



1 1 



EP 0 455 143 A1 ^ 

with water or other solvents, can be coated on a carrier, by using, e.g., a spray gun. It is also possible to 
coat such a gel by using a roll coater. 

The granular fuel absorbent obtained as above can be shaped into any desired form, including e g 
honeycombs, plates, and films. 

The shape of the fuel absorbent supported by a carrier is basically identical with that of the carrier 
used. The absorbent however can also be shaped into any desired form, including honeycombs and plates. 
The thickness or diameter of such a fuel absorbent is preferably within the above limit. 

The fuel absorbent according to the present invention does not dissolve in fuel and only swells by 
trapping (or absorbing) evaporated fuel. The absorbent can therefore be regenerated by purging (or 
eliminating) the trapped fuel, and be used repeatedly. 

The fuel absorbent according to the invention can be used not only in automobile canisters, but in any 
other evaporation loss control devices, including those to be applied to fuel tanks of boilers. 

The fuel absorbent produced in accordance with this process is highly capable of trapping fuel. This is 
because the organic polymers used as a base material have power to swell to a considerable extent 
through absorption fuel, such as gasoline, due to its strong affinity for evaporated fuel. 

The fuel absorbent according to the invention has an increased physical strength as a whole since the 
fine polymer particles are mutually bonded with the thermoplastic resin powders. The absorbent can 
therefore be highly excellent in its durability against the absorption-desorption cycle, i.e., repeated trapping 
and releasing of fuel. 

In the fuel absorbent, thermoplastic resin powders are used as a binder. It is therefore possible to 
adhere the binder uniformly on the surface of the fine polymer particle. In addition, such a binder can be 
admixed quite easily. 

Moreover, in the fuel absorbent according to the invention, the organic polymers are chemically bonded 
to each other, and hence the resultant fuel absorbent has a three-dimensional structure. Because of this, the 
absorbent can be highly flexible as a whole and exhibits a highly enhanced fuel trapping capability. 

In the case where the absorbent is supported by a carrier, it has a markedly enhanced physical 
strength as a whole since the carrier functions as a skeleton. In addition, the absorbent has a large surface 
area for the volume of fine polymer particles used since the particles are positioned on the surface of the 
carrier. The unit volume capacity of the absorbent to absorb fuel can therefore be quite high. 

When the fuel absorbent has swelled through absorption of fuel, the evaporation loss control device 
containing the same can be subjected to purging to release the trapped fuel. The absorbent recovers its 
fuel trapping ability through the purging and can therefore be used repeatedly. 

As described hereinabove, there can be provided a process for producing a fuel absorbent which is 
excellent not only in durability against the absorption-desorption cycle, but in the ability of trapping fuel. 

As the fifth aspect of this invention, there is provided a process for producing a fuel absorbent 
supported by a carrier, comprising the steps of: dissolving an organic polymer having the function of 
trapping fuel into a solvent; adding to the resulting solution a binder of thermoplastic resin powders- 
allowing the organic polymer to react in the presence of a crosslinking agent, to form a thermoplastic resin 
powder-containing polymer gel; collecting, after the completion of the reaction, the polymer gel formed- 
coating the polymer gel onto a thermoplastic carrier; drying the coated product; and heating the dried 
product at a temperature at which said thermoplastic resin powders and the surface region of said 
thermoplastic carrier fuse and adhere mutually. 

By "organic polymer having the function of trapping fuel" is herein meant an organic polymer that is 
capable of trapping evaporated fuel (and leaked fuel liquid, too) and can be crosslinked to at least such a 
level where a gel is formed. By the phrase "function of trapping" is herein meant the capability of absorbing 
fuel or of being swollen by fuel. 

The phrase "to allow the polymer to react" herein means to allow the organic polymer to undergo any 
chemical reactions, including crosslinking and polymerization. Such reactions may be allowed to proceed in 
any form, including, e.g., suspension polymerization, emulsion polymerization and solution polymerization 
As is shown hereinbelow, there can be obtained gel of fine polymer particles by suspension polymerization 
or emulsion polymerization, and a polymeric gel in the case of emulsion polymerization. 

The organic polymer and the solvent are used preferably in the following ratio: organic polymer 2 to 30 
wt%; solvent, 70 to 98 wt%. 

Examples of thermoplastic resin powders usable as a binder include such crystalline polymers as PP. 
PE, PBT, PET, POM and nylon. As is explained hereinbelow, such thermoplastic resin powders are used as 
a binder for mutually adhering intermediate granules through their fusion. The resin does not participate in 
said reaction of the organic polymer. It undergoes crosslinking not at all or only to such an extent that the 
fusing ability of the powders is not substantially impaired. Such thermoplastic resin powders are added to a 
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solvent together with an organic polymer. It is however necessary to use thermoplastic resin powders "h.ch 
do not dissolve into the solvent completely. 

The thermoplastic resin powders are used in an amount of 20 to 70% by weight, based on the weight or 
the organic polymer. When the amount is less than 20% oy weight, the powders will play the role as a 
bincer only insufficiently, whereas when it exceeds 70% by weight, there may result undesirably low fuei- 
►rappmg capacity owing to excessive oresence of the thermoplastic resm powders. It is preferable to use 
thermoplastic resm oowders having a grain size of 0.01 to 1,000 urn. It is preferable to use a crossl.nk.ng 
agent that is capable of crossiinking the organic polymer having the function of trapping fuei, but incapable 
of crossiinking the thermoplastic resin used as a binder. 

Crossiinking agents can be used in an amount of 1 to 20 wt%. and crossiinking aids in an amount of 0 
to 20 wt%, both based on the weight of the polymer. 

It can be preferable to remove oxygen from the solution of the organic polymer before it is subjected to 
the reaction. For example, nitrogen gas can be bubbled into a solution of the polymer. Alternatively, a 
container containing the polymer solution may be repeatedly evacuated and filled with nitrogen gas. By 
such operations, oxygen gas dissolved in the solution can be removed therefrom. 

In the case of suspension polymerization or emulsion polymerization, the reaction can be carried out in 
the manner set forth below, using a dispersant-containing solution. 

At first a solution containing an organic polymer and a crossiinking agent is added with stirring and 
heating to a solution containing a dispersant. Then, the reaction is allowed to proceed by heating and 
stirring the resulting suspension until the crossiinking agent is decomposed almost completely. 

Examples of usable dispersant include polyvinyl alcohois (PVA), gelatin, tragacanth gum, gum arabic, 
starch, methyl celluloses, carboxymethyl celluloses, polyacrylates, alkaline soaps, organic amino soaps, 
sulfates of higher alcohols, synthetic surface active agents, such as nonionic surfactants (e.g., Tweens), 
proteins, vegetable gums, alginates, saponin, and the like. 

It can be preferable to subject the dispersant-containing solution to deoxidation prior to the reaction, as 
in the case of the polymer solution. In usual cases, water is used as a solvent for the dispersant-containing 
solution. Dispersant may be contained in the solution at a concentration of ca. 1 to 5 wt%. 

After the completion of the reaction, the reaction mixture is cooled and allowed to separate into two 
layers: a polymer layer and an aqueous layer. Then the polymer layer (upper layer) is separated to collect a 
creamy paste of polymer gel. The polymer gel contains fine polymer particles having a gram size of 10 to 
100 urn, and thermoplastic resin powders as a binder, together with the solvent and the dispersant. 

Then, the polymer gel containing thermoplastic resin powders and fine polymer particles is coated on 
the surface of a thermoplastic carrier and then dried, to give an intermediate product in which a large 
number of fine polymer particles are bonded with the thermoplastic resin powders in a non-tight state and, 
at the same time, the particles and the powders are attached to the surface of the thermoplastic carrier. 

The intermediate product is then heated at a temperature equal to, or higher than, the fusing (or 
melting) temperature of the thermoplastic resin powders and, at the same time, equal to, or higher than, the 
fusing (or melting) temperature of the surface of the thermoplastic carrier. According to this procedure, 
there can be obtained a supported fuel absorbent in which thermoplastic resin powders are fused and 
adhered mutually to bind a large number of fine polymer particles and, at the same time, to adhere to the 
thermoplastic carrier. 

The fuel absorbent has the structure in which the carrier and the binder are mutually adhere to each 
other through thermal fusion. Because of this, the fuel absorbent can be highly resistant against impact. 
Moreover, the earner can be tough and hardly breakable since it consists of a thermoplastic resin, which is 
usually flexible by its nature. 

in addition, as shown in Figs. 17 and 18, the fine polymer particles 50 form a porous structure with the 
binder and hence exhibit an improved permeability and an enhanced efficiency of trapping fuel. 

On the other hand, in the case of solution polymerization, a crossiinking agent is added to a solution of 
an organic polymer, and then the reaction is carried out without using any dispersant. By this reaction, there 
can be obtained a polymer gel in which the thermoplastic resin powders are dispersed. The thus formed 
polymer gel is coated on a carrier and subjected to drying and heating in the same manner as above. 

The thermoplastic carrier can be in the form of, e.g., granules, plates, cloths, nets, or threads. The 
carrier can be made of, e.g., such crystalline thermoplastic resins as PP. PE, PBT. PET, POM and nylon. 

It can be preferable to use a thermoplastic carrier consisting of a material identical with the one used 
for the thermoplastic resin powders, or a material having a fusing temperature equal, or close, to that of the 
thermoplastic resm powders. 

It is possible to use a thermoplastic carrier comprising a core, and a surface layer consisting, e.g., of 
such crystalline thermoplastic resins as those described hereinabove. In such a case, the core is preferably 
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made of a resin having a melting point higher than that of the surface layer. Examples of resins usable for 
the core include thermoplastic resins, such as PE. PP, PBT, PET, POM. nylon, polyimides, polysulfones, 
polyethersulfones, polyamidoimiaes, pofyphenylene oxides, PPS (polyphenylene sulfide), etc.; and ther- 
mosetting resins of, e.g., phenol, melamine, epoxy, polyimide, urea, polyester, diallyJphthalate, silicone or 
5 polyurethane series. It is also possible to use metals or ceramics. 

The coating of the polymer gel can be carried out by dipping a thermoplastic carrier into the gel. 
Alternatively, such a gel, if desired after being diluted with water or another solvent, can be coated on a 
thermoplastic carrier by using, e.g., a spray gun. It is also possible to coat such gel by using a roll coater. 
In a modification of the present process, the thermoplastic resin powders are admixed with a polymer 
w gel of fine polymer particles, instead of being added to a solution of an organic polymer at the initial stage 
of the process, and the resulting mixture is coated on a thermoplastic carrier and then subjected to 
granulation and heating in the same manner as above. In this case, the reaction of the organic polymer is 
performed by means of suspension polymerization or emulsion polymerization. 

Accordingly, a fuel absorbent supported by a carrier can also be produced by a process which 
15 comprises dissolving an organic polymer having the function of trapping fuel; adding, while stirring, the 
resulting solution to a separately prepared solution containing a dispersant; reacting the organic polymer in 
the presence of a crosslinking agent, to form a polymer gel of fine polymer particles; collecting, after the 
completion of the reaction, the polymer gel; adding thermoplastic resin powders to the polymer gel; coating 
the resulting mixture on a thermoplastic carrier; drying the coated product; and heating the dried product at 
20 a fusing temperature as described hereinabove. 

The shape of the fuel absorbent obtainable as above is basically identical with that of the carrier used. 
The absorbent can be shaped into any desired form, including, e.g., honeycombs, plates, and films. 

The fuel absorbent according to this process does not dissolve in fuel and only swells by trapping 
(absorbing) evaporated fuel. The absorbent can therefore be regenerated by purging (or eliminating) the 
25 trapped fuel, and used repeatedly. 

The fuel absorbent according to this process can be used not only in automobile canisters, but in any 
other evaporation loss control devices, including those to be applied to fuel tanks of boilers. 

The fuel absorbent produced in accordance with this process is highly capable of trapping fuel. This is 
because the organic polymers used as a base material have the power to swell to a considerable extent 
30 through absorption of fuel, such as gasoline, due to its strong affinity for evaporated fuel. 

The physical absorbent according to the invention has an increased physical strength as a whole since 
the fine polymer particles are mutually bonded with the thermoplastic resin powders. 

The carrier also contributes to the improvement of total strength of the absorbent as it plays a role as a 
skeleton. In addition, the fine polymer particles and the carrier can be strongly bonded with the thermoplas- 
35 tic powders and the thermoplastic resin present on the surface of the carrier. 

The fuel absorbent can therefore be highly excellent in its durability against the absorption-desorption 
cycle, i.e., repeated trapping and releasing of fuef. 

In the fuel absorbent, thermoplastic resin powders are used as a binder. It is therefore possible to make 
the binder adhere uniformly on the surface of the fine polymer particles. In addition, the binder can be 
40 admixed quite easily. 

in the fuel absorbent, the organic polymers are chemically bonded to each other, and hence the 
resulting fuel absorbent has a three-dimensional structure. Because of this, the absorbent can be highly 
flexible as a whole and exhibits a highly enhanced fuel trapping capability. 

The fuel absorbent has a large surface area for the volume of the fine polymer particles since the 
45 particles are contained in a layer positioned on the surface of the carrier. Accordingly, the absorbent can be 
outstanding in its capability for trapping fuel, per unit volume of the fine polymer particles. 

When the fuel absorbent has swelled through absorption of fuel, the evaporation loss control device 
containing the same can be subjected to purging to release the trapped fuel. The absorbent recovers its 
fuel trapping ability through the purging and can therefore be used repeatedly, 
so As described hereinabove, there can be provided a process for producing a fuel absorbent which is 
excellent not only in durability against the absorption-desorption cycle, but in the ability of trapping fuel. 

EXAMPLES 

55 In the following examples, parts and percentages are based on weight, unless otherwise specifically 

stated. 



Example 1 (the first aspect) 
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A fuel absorbent was produced ;n the following manner. 

In the first place, a 10% solution of ethytene-prcpyiene-thylidenenorbornene copolymer (EP-33, manu- 
factured by Japan Synthetic Rubber Co.) as an organic polymer naving the function of trapping fuel in 
toluene was prepared (weight of the solution: SCO g) 

5 Subsequently, benzoyl peroxide as a crosslinking agent was added to the solution, whereby the 

crcsslinking agent was used in an amount of 20 oarts -reduced to pure product), per 100 parts of the 
copolymer. Divmylbenzene as a crosslinking aid was then added to the resulting solution, whereby the 
crossiinking aid was used in an amount of 20 carts, cer 100 parts of the copolymer. Nitrogen gas was then 
oubbled into the thus prepared polymer solution as a deoxidaticn treatment to remove oxygen dissolved 

ro therein. 

On the other hand, 2200 g of aqueous 1% solution of polyvinyl alcohol (PVA) as a dispersant having a 
polymerization degree of 500 and a saponification cegree of 86.5 to 89 mol% was placed in a pressure 
vessel. A nigh power stirrer was fitted at the tcp of the vessel, and the vessel was sealed. The vessel was 
evacuated and then filled with nitrogen gas. This deoxidation treatment was repeated three times to remove 

is oxygen dissolved in the solution. 

Thereafter, the deoxidized copolymer solution prepared above was ooured with vigorous agitation into 
the aeoxidized PVA solution contained in the pressure vessel, to form a dispersion. After the completion of 
the pouring, the pressure vessel was subjected to the same deoxidation treatment as above, and the 
contents were stirred for an additional 15 minutes. 

20 The stirrer was replaced with a conventional propeller stirrer, and the reaction mixture contained in the 

vesse j was stirred at 120 to 300 r.p.m., during which the temperature of the mixture was raised to 92 C. 
The resulting mixture was stirred for an additional 6 hours, and then a 20% solution of an antioxidant as a 
polymerization inhibitor in toluene was added to the reaction mixture to terminate the reaction. 

After the completion of the reaction, the pressure vessel was cooled with ice water and then allowed to 

25 stand at room temperature for 3 hours, during which the reaction mixture separated into two phases: the 
upper creamy layer of fine polymer gel particles and the lower aqueous layer. The polymer gel particles 
were then collected. 

The polymer gel particles (not subjected to washing) were added in small portions into a high speed 
mixer which performs the drying and granulation of the particles. There was obtained a spherical fuel 

30 absorbent having a grain size of 1 to 3 mm (which is designated as Sample 1). 

As is schematically shown in Fig. 1, the thus produced fuel absorbent is composed of fine polymer 
particles 50 generated by the crosslinking of the organic polymer, and PVA 52 which was used as 
dispersant and is present around, and attached to, the particles 50. In other words, the fuel absorbance 5 
consists of fine polymer particles 50 bonded with PVA 52 that functions as a binder. 

35 Microphotographs (magnification: 200x) of the dried particles were taken with a scanning electron 
microscope. A microphotograph so obtained is shown in Fig. 2, in which the spheres show dried fine 
polymer particles. It can be seen that the surface of the fine polymer particles is covered with PVA. 

Example 2 (the first aspect) 

40 

One hundred grams (100 g) of the creamy fine polymer gel particles prepared in Example 1 was 
collected and washed with 0.2 liters of water of 60 ' C to give fine polymer gel particles on which part of the 
PVA used still remained. The resulting particles were dried and granulated in the same manner as in 
Example 1 to give a fuel absorbent (which is designated as Sample 2). 
45 In Fig. 3 is shown a microphotograph of the dried fine polymer gel particles taken in the same manner 

as in Example 1. The photograph shows that PVA remains on, and is attached to, some parts of the surface 
of the polymer particles, and is present in spaces between the fine polymer particles. 

E>ample 3 (the first aspect) 

50 

One hundred grams (100 g) of the creamy fine polymer gel particles prepared In Example 1 was 
collected and washed with 0.4 liters of isopropyi alcohol (which coes not dissolve the dispersant). The 
crosslinking agent, the crosslinking aid and unreacted polymer were washed away during the course of the 
washing, whereas the PVA used as dispersant remained on the surface of the fine polymer particles. 
55 Then, the resulting particles were dried and granulated in the same manner as in Example 1 to give a 

fuel absorbent (which is designated as Sample 3). 

The surface of the washed and dried fine polymer particles was covered with PVA. 
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Example 4 (the first aspect) 



In this example, a reactive substance was coated on the surface of the fuel absorbent prepared ,n 
Example i. In the first place, a urethane adhesive (a mixture of 100 parts of Nipporan 3124 and 10 parts of 
Collonate L. both manufactured by Japan Polyurethane Ind. Co.) as a reactive substance was dissolved into 
toluene to form a homogenous 20% solution. Into this solution was then immersed the fuel absorbent 
prepared ,n Example 1. After having been immersed for 2 minutes, the absorbent was taken out and thP 
polyurethane adhesive present on the surface of the absorbent was cured by allowing the immersed 
absorbent to stand for 70 hours in a thermostat maintained at 60 ' C with circulation of hot air 
Sampled) ^ 3 ^ absorbent coated with ^ reactive substance (wh,ch is designated as 

As is schematically shown in Fig. 4, the coated fuel absorbent was composed of the mam elements of 
f,ne polymer particles 50 bonded with PVA 52, and the coating layer 6 covering the main elements 

In F,g. 5 ,s shown a microphotograph (magnification: 60x) of particles of the fuel absorbent taken orior 
to the coating of the coating layer 6 in the same manner as in Example 1. In Fig. 6 is shown a 
microphotograph (magnification: 60x) which shows the state of particles in the fuel absorbent covered with 
Ens coatmQ. 

As would be seen from Fig. 5. the fuel absorbent not provided with the coating , s ,n the form of 
granules (gram size, 1 to 3 mm) composed of fine polymer particles (grain s,ze: 1 to 50 am) bonded with 
PVA On the other hand, ,n the coated fuel absorbent, the granules are covered with the coating of the 
reactive substance, as is shown in Fig. 6. 

Example 5 (the first aspect) 

4 t/niV" 8 ' ab J S ° rber f P / epared in Example 2 was subjected to the same coating treatment as in Example 
4 to give a coated fuel absorbent (which is designated as Sample 5). 

Example 6 (the first aspect) 

The fuel absorbent prepared in Exampte 3 was subjected to the same coating treatment as in Example 
4 to g.ve a coated fuel absorbent (which is designated as Sample 6). example 

Example 7 (the first aspect) 

Properties of Samples 1 to 6 prepared in Examples 1 to 6 were determined in the following manner. 
Durability against Absorption-desorptio n Cycle: 

into tohfZ' f °Vr h ' abS ? ent COntamed m 3 100 meSh Stalnl6SS Steel *^au» container is immersed 
old ? T U T ' mmed,ately after bein 9 taken ou * ° f ^e solvent, the absorbent is subjected to a 

determined " ^ ther8 ° n d ° WnWardly ' and the wei 9 h * load (gf) at its break ,s 

Capacity for Trapping Fuel: 

Each sample of fuel absorbent (weight: ca. 0.2 g) is placed in a stainless steel wire-gauze container 

wltht. 1 T X e t0ta ' W6i9ht <W) ° f the S3mple aPd the COntainer is wei 9 hed - ™e container, together 
with the sample , s immersed into toluene as a fuel and is taken out of the fuel after the lapse of time shown 
n Table , and the total weight (Y) of the container and the sample is weighed each time the container and 
he sample are taken out. The rate of absorption (%) of the absorbent is calculated in accordance with the 
following equation: 



Absorption (%) = Y - w x 100 

W - V 

Results obtained are shown in Table 1. 

For the purpose of comparison, the creamy fine polymer gel particles prepared in Example 1 were 
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-cilected and washed thoroughly with warm water, up to a state no PVA remained thereon. The resulting 
particles were dried and granulated in the same manner as ,n Example 1 to give a fuel adsorbent (which is 
designated as Sample C1). Properties of the sample were then determined .n the manner as descnoed 
aoove. Results obtained are shown in Table 1. 

It would be understood from the table 1 that the fuel absorbents according to the present invention 
.Samples 1 to 6) are higher in load at break igf) than the comparative sample .Samoie Ci). This is because 
the fine oolymer particles constituting the fuel aosorbents according to the =nvent.on are bondec w,th PVA 
or dispersant and hence the absorbents as a whole can be physically stronger than the comparative 
sample. 

It would also oe understood that the physical strength of Sample 2 is a little inferior to that or bampie i 
or 3 since the amount of PVA used in Sample 2 is smaller than in Samples 1 and 3, and that Samples 4 to 
5. which were prepared by applying a coating to Samples 1 to 3, have a markedly improved physical 
strength, compared with Samples 1 to 3. which were not provided with a coating. 

The fuel absorbents according to the present invention are therefore excellent in their durability against 
-5 repeated absoroticn and desorption of fuel, as well as in their capacity or trapping or absorbing fuel. 

On the other hand, the comparative sample (Sample C1), although its absorbing capacity is quite high, 
is fairly inferior in load at break at the time when it has absorbed fuel since the PVA used as a dispersant 
during its production was washed away and the fine polymer particles constituting the sample are not 
bonded with PVA. Such an absorbent is therefore poor in durability against the repetition of the aosorption- 
20 cesorption cycle. 
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Example 8 (the first aspect) 

In this example, explanation will be given on an automobile canister to which the fuel absorbent 
according to the invention is applied. 
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As is shown m Fig. 7A. the fuel adsorbent 20 is placed m an absorption chamber 2 formed m the 
interior of the housing body 10 of a canister 1. 

The housing body 10 Is cylindrical, and is provided /vith a lid 1 1 at its upper end and with a bottom 
plate 12 at its lower end. The lid 11 is proviced with a purging pipe 16, and the first and second 
ntrcduction pipes 1 3 and 1 4 with their ends 141 projected into the interior of the absorption chamber 2. 

The first introduction pipe 13 ,s connected to the upper space of a carbureter's float chamber 81. and 
•he second introduction pipe 14 is connected to a fuel tank 82. The purging ope 16 is connected to a 
ourgmg port 85. The bottom plate 12 has an opening for a purging air pipe 15. The pipes 13. 14. 15 and l o 
are fitted with valves 131, 142. 151 and 161. respectively. 

A perforatea plate 17 is positioned at the lower end of the absorption cnamber 2, ana another 
perforated olate 18 at the upoer end of the chamber. The perforated plate 17 ,s pushed upwardly by a 
spring 101. 'and the perforated olate 18 is pushed downwardly by a spring 102. In the system shown in F,g. 

7A. gasoline 8 is used as fuel. 

Gasoline vapor evaporated in the carburetor's float chamcer 81 or ,n the fuel tank 82 flows, via the nrst 
and second introduction pipes 13 and 14, into the absorption chamber 2, where it comes into contact with 
the fuel absorbent 20 and is absorbed. During the period of absorption, the valves 131 and 142 fitted at the 
introduction pipes 13 and 14 are open, and the valve 161 of the purging pipe 16 and the valve 151 or the 
ourgmg air pipe 15 are closed. 

In the course of absorption, the fuel absorbent 20 swells through trapping of gasoline vapor. 
After having absorbed a large quantity of gasoline vapor, the absorbent can be regenerated. If desired, 
the absorbent, after being used for a long period of time with repeated regeneration, can be replaced with a 
fresh one by detaching the lid 1 1 from the housing body 10. 

Regeneration of the absorbent can be performed by introducing air through the purging air pipe 15, with 
valves 31 142 151 and 161 reversed. The exhaust gas is discharged into the purging port 85 via the 
purging pipe 16. During the purging step, the air introduced Into the canister plays an important role in the 
releasing and discharging of gasoline vapor absorbed by the fuel absorbent. 

Another type of canister used in this example is shown in Fig. 7B. The canister 1 consists of a housing 
body 10, a fuel absorbent 20 produced by the present invention packed in the upper first compartment 25 
of the vessel, and charcoal 30 packed in the lower second compartment 35. 

The housing body 10 is cylindrical in shape and has a lid 1 1 and a bottom plate 12. To the lid 11 is 
fixed a first introduction pipe 13 having its end inserted into the first compartment 25 to extend close to its 
central portion, a second introduction pipe 14 having its end 141 inserted likewise into the first compartment 
25 and a purging pipe 16. The first introduction pipe 13 communicates with the space above a carburetor's 
float chamber 81 whereas the second introduction pipe 14 communicates with a fuel tank 82. The purging 
pipe 16 communicates with a purging port 85. A purging air pipe 15 is open to the bottom plate 12. The 
pipes 13 14. 15 and 16 are respectively equipped with valves 131, 142. 151 and 161. A perforated plate 17 
is provided in the lower part of the housing body 10 and another perforated plate 18 is disposed in the 
upper part of the housing body. The first compartment 25 is partitioned from the second compartment 35 
by a perforated plate 19 which is positioned generally intermediate between the perforated plates 17 and 
18 Granular charcoal 30 is packed between the perforated plates 17 and 19. and a fuel absorbent 2 
according to the present invention is packed between the perforated plates 19 and 18. The perforated plate 
17 is urged upward by means of a spring 101 whereas the perforated plate 18 is urged downward by 
means of a spring 102. Gasoline is denoted by 8 in Fig. /B. 

Evaporated fuel is trapped with the canister 1 in the following way. Gasoline evaporates m the float 
chamber 81 or the fuel tank 82 and the resulting vapor gets into the first compartment 25 of the canister 1 
through the first introduction pipe 13 or second introduction pipe 14. The vapor then makes contact with the 
fuel absorbent 20 in the first compartment 25 and is absorbed by it. The gasoline vapor that has not been 
absorbed by the fuel absorbent 20 is admitted into the second compartment 35 where it is absorbed by the 
charcoal 30. During this absorption step, the valves 131 and 142 on the pipes 13 and 14 are open whereas 
the valves 161 and 151 on the ourging pioes 16 and 15 are closed. The fuel vapor is absorbed first by the 
fuel absorbent 20 as a result of its dissolving or swelling in the fuel, then by the absorbing action of the 
charcoal 30. 

After the two absorbents have absorbed the gasoline vapor to saturation, the lid 11 is removed and .he 
absorbents are replaced by fresh ones. Alternatively, the absorbents may be regenerated by feeding air 
through the purging air pipe 15 and discharging the exhaust gas into the purging port 85 through the pipe 
16 In this purging step, the valves 161 and 151 are opened. The air fed into the canister permits the 
gasoline vapor to be detached from the fuel absorbent and the charcoal and subsequently discharged into 
the purging port 85. 
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The canister designed as above is capable of efficient trapping of gasoline vapor as evaporated fuel 
without causing deterioration in the working capacity of the charcoal. 

As described hereinabove, the fuel absorbent is capable of trapping evaporated fuel vapor, such as 
gasoline, in a quite efficient manner and can be used repeatedly with repetition of the absorption-desorption 
5 cycle. 

Example 9 (the second aspect) 



A fuel absorbent was produced in the following manner. 
10 In the first place, a 10% solution of ethyfene-propylene-ethylidenenorbornene copolymer (EP-33, 

manufactured by Japan Synthetic Rubber Co.) as an organic polymer having the function of trapping fuel in 

toluene was prepared (weight of the solution; 800 g). 

Subsequently, benzoyl peroxide as a crossfinking agent was added to the solution, whereby the 

crosslinking agent was used in an amount of 20 parts (reduced to pure product), per 100 parts of the 
15 copolymer. Divinylbenzene as a crosslinking aid was then added to the resulting solution, whereby the 

crosslinking aid was used in an amount of 20 parts, per 100 parts of the copolymer. Nitrogen gas was then 

bubbled into the thus prepared polymer solution to remove oxygen dissolved therein as a deoxidation 

treatment. 

On the other hand, 2,200 g of aqueous 1% solution of polyvinyl alcohol (PVA) as a dispersant having a 
20 polymerization degree of 500 and a saponification degree of 86.5 to 89 mol% was placed in a pressure 
vessel. A high power stirrer was fitted at the top of the vessel, and the vessel was sealed. The vessel was 
evacuated and then filled with nitrogen gas. This deoxidation treatment was repeated three times to remove 
oxygen dissolved in the solution. 

Thereafter, the deoxidized copolymer solution prepared above was poured with vigorous agitation into 
25 the deoxidized PVA solution contained in the pressure vessel, to form a dispersion. After the completion of 
the pouring, the pressure vessel was subjected to the same deoxidation treatment as above, and the 
contents were stirred for an additional 15 minutes. 

The stirrer was replaced with a conventional propeller stirrer, and the reaction mixture contained in the 
vessel was stirred at 120 to 300 r.p.m., during which the temperature of the mixture was raised to 92* C. 
30 The resulting mixture was stirred for an additional 6 hours, and then a 20% solution in toluene of an 
antioxidant as a polymerization inhibitor was added to the reaction mixture to terminate the reaction. 

After the completion of the reaction, the pressure vessel was cooled with ice water and then allowed to 
stand at room temperature for 3 hours, during which the reaction mixture separated into two phases: the 
upper creamy layer of fine polymer gel particles and the lower aqueous layer. The polymer gel particles 
35 were then collected. 

The fine polymer gel particles were coated, without being subjected to washing, on the surface of nylon 
fibers as a carrier of a diameter of ca. 0.5 mm. The coating was carried out by dipping the carrier into a 
bath of the creamy fine polymer gel particles. After the dipping, the carrier was taken out of the bath and air 
dried at room temperature to give a fibrous fuel absorbent of a diameter of ca. 0.7 mm (which is designated 
40 as Sample 7). 

As is schematically shown in Fig. 9, the thus produced fuel absorbent is composed of fine polymer 
particles generated by the crosslinking of the organic polymer, PVA 52 used as a dispersant and present 
around the particles, and the carrier 55 bearing the particles and the dispersant. In other words, the fuel 
absorbent 5 consists of fine polymer particles 50 bonded to the surface of the carrier 55 with PVA 52 that 
45 functions as a binder. 

Microphotographs (magnification: 94x) of the fine polymer particles present on the surface of the carrier 
were taken with a scanning electron microscope. A microphotograph so obtained is shown in Fig. 10, in 
which the fine spheres show dried fine polymer particles. It can be seen that the surface of the fine polymer 
particles is covered with PVA. 

so 

Example 10 (the second aspect) 

One hundred grams (100 g) of the creamy fine polymer gel particles prepared in Example 9 were 
collected and washed with 0.2 liters of water of 60° C to give fine polymer gel particles on which part of the 
55 PVA used still remained. The resulting particles were coated on the same carrier as the one used in 
Example 9 and dried in the same manner to give a fuel absorbent (which is designated as Sample 8). 

Microphotographs of the fuel absorbent were taken in the same manner as in Example 9 (not shown). 
The photographs showed that PVA was bonded to, and remained on, some parts of the surface of fine 
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polymer particles, anc was present in spaces between fine polymer particles. 
Example 1 1 (the second aspect) 

* 

5 One hundred grams (100 g) of the creamy 'ine polymer gel particles prepared m Example 9 were 

collected and washed /vith 0.4 ! iters of ;soDropy! alcohol fan alconol not dissolving the dispersant}. Curing 
the washing, the crossiinking agent, crcsslmking aid and unreacted polymer were cashed away, whereas 
the PVA used as oispersant remained on tne surface of the fine polymer particles. 

Then, the resulting particles were ccated on the same carrier as the one used in Example 9 and dried 
"0 .n same manner to give a fuel absorbent (which is designated as Sample 9). 

The surface of the fine polymer particles contained m the fuel absorbent were covered with PVA. 

Example 12 (the second aspect) 

:5 In this example, a reactive substance was coated on the fuel absorbent prepared in Example 9. 

In the first place, a urethane adhesive (a mixture of 100 parts of Nipporan 3124 and 10 parts of 
Collonate L. both manufactured by Japan Pciyurethane ind. Co.) as a reactive substance was dissolved into 
to uene to prepare a homogeneous 20% solution. 

Into this solution was immersed the fuel absorbent prepared in Example 9. After having been immersed 
20 for 2 minutes, the absorbent was taken out, and the polyurethane adhesive covering the surface of the 
absorbent was cured by allowing the immersed absorbent to stand for 70 hours in a thermostat maintained 
at 60* C with circulation of hot air. 

There was obtained a fuel absorbent coated with the reactive substance (which is designated as 

Sample 10). 

25 As is schematically shown in Fig. 11, the coated fuel absorbent has as its main elements fine polymer 

particles 50 mutually bonded with PVA 52, a coating layer 6 covering the main elements, and a carrier 55 

bearing the main elements and the coating layer. 

Fig. 12 is a microphotograph (magnification: 72x), which shows the state of particles present on the 

surface of the coated fuel absorbent. 
30 In the coated fuel absorbent, as would be seen from Fig. 12. the fine polymer particles were covered 

with the coating of the reactive substance. 

Example 13 (the second aspect) 

35 The fuel absorbent prepared in Example 10 was subjected to the same coating treatment as in Example 

12 to give a coated fuel absorbent (which is designated as Sample 1 1). 

Example 14 (the second aspect) 

The fuel absorbent prepared in Example 1 1 was subjected to the same coating treatment as in Example 
12 to give a coated fuel absorbent (which is designated as Sample 12). 

Example 15 (the second aspect) 

45 Properties of Samples 9 to 14 prepared in Examples 7 to 12 were determined in the same manner as in 

Example 7. 

Results obtained are shown in Table 2. 

For the purpose of comparison, the creamy fine polymer gel particles prepared n Example 9 were 
collected and washed thoroughly with warm water, up to a state no PVA remained thereon. The resulting 
so particles were coated on the same carrier and dried to give a fuel adsorbent (which is designated as 
Comparative Sample C2). Properties of the sample were then determined in the manner described above. 
Results obtained are shown in Tabie 2. 
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It would be understood from the table that the fuel absorbents according to the present invention 
55 (Samples 7 to 12) are higher in load at break (gf) than the control sample (Comparative Sample C2). This is 
because the fine polymer particles constituting the fuel absorbents according to the invention are bonded 
with PVA or dispersant and hence the absorbents as a whole can be physically stronger than the 
comparative sample. 
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It /voud also be understood that the physical strength of Sample 8 is a little inferior to that of Sample 7 
cr 9 since the amount of PVA used in Sampie 8 is smaller than in Samples 7 and 9. and that Samples 10 to 
12, wmch *ere prepared by applying a coating to Samples 7 to 9, have markedly improved ohysicai 
strength, compared with Samples 7 to 9 not oroviced with a coating. 

=> The ruel absorbents according to the present invention are therefore excellent :n their duraoility against 

repeated absorption and descrption of fuei, as well as .n their capacity for trapping or absorbing fuei. 

In acdition, the fuel absoroents according to the present invention are physically stronger as a whole as 
they are provided with a earner that plays a roie as a skeleton, and their fuel-absorbing capacity cer unit 
/ciume is quite nigh since the fine polymer particles capable of absorbing fuel are positioned only on the 

■o surface of the carrier. 

On the other hand, the control sample ['comparative sample C2), although its absorbing capacity is quite 
high, is fairly inferior in load at break at the time when it has absorbed fuel since the PVA used as a 
dispersant during its production was washed away and the fine polymer particles constituting the sample 
are not bonded with PVA. Such an absorbent is therefore poor in durability against Jhe repetition of the 
*5 aosorpiion-desorption cycle. 

Example 16 (the third aspect) 



A fuel absorbent according to the invention was produced in the following manner. 
70 In the first place, 24 g of ethylene-propylene-ethylidenenorbornene copolymer (EP 33, manufactured by 

Japan Synthetic Rubber Co.) as an organic polymer having the function of trapping fuel was dissolved into 

toluene (weight of the solution: 380 g). 

Then, 16 g of EVA resin (EVAFLEX 420, manufactured by Mitsui Poiychemica! Co.) as a thermoplastic 

resin binder was additionally added to, and dissolved into, the solution (weight of the solution; 400 g). 
25 To the resulting solution was added benzoyl peroxide as a crosslinking agent in an amount of 20 parts 

(reduced to 100% pure product), per 100 parts of the above polymer. To the resulting solution was added 

divinylbenzene as a crosslinking aid in an amount of 20 parts, per 100 parts of the above polymer. Nitrogen 

gas (N 2 ) was then bubbled into the thus prepared solution to remove oxygen dissolved therein as a 

deoxidation treatment. 

30 On the other hand, 1,200 g of aqueous 1% solution of polyvinyl alcohol (PVA) as a dispersant having a 
polymerization degree of 500 and a saponification degree of 86.5 to 89 mol% was placed in a pressure 
vessel. A high power stirrer was fitted at the top of the vessel, and the vessel was then sealed. The vessel 
was evacuated and then filled with nitrogen. This deoxidation treatment was repeated three times to remove 
oxygen dissolved in the solution. 

35 Thereafter, the EP-EVA solution prepared above was poured into the PVA solution contained in the 

pressure vessel, during which the latter solution was vigorously agitated by the stirrer to form a dispersion. 
After the completion of the pouring, the contents of pressure vessel were subjected to the same deoxidation 
treatment as above, and then stirred for an additional 15 minutes. 

Subsequently, the stirrer was replaced with a conventional propeller stirrer, and the reaction mixture 

jq contained in the pressure vessel was stirred at 120 to 300 r.p.m., during which the temperature of the 
mixture was raised to 92 3 C. The resulting mixture was stirred for an additional 6 hours, and then a 20% 
solution m toluene of an antioxidant as a polymerization inhibitor was added to the reaction mixture to 
terminate the reaction. 

After the completion of the reaction, the pressure vessel was cooled with ice water and then allowed to 
45 stand at room temperature for 3 hours, during which the reaction mixture separated into two phases: the 
upper creamy layer of fine polymer gel particles and the lower aqueous layer. The fine polymer gel 
particles of the upper layer were then collected. 

Thereafter, the fine polymer gel particles were washed, using 0.2 liters of water of 60*0, per 100 g of 
the creamy particles. There were obtained fine polymer gel particles composed of fine polymer particles 
so formed by the reaction of the organic polymer, and the thermoplastic resin. The thus obtained fine polymer 
gel particles were dried and granulated by adding them in portions into a high speed mixer. There were 
obtained intermediate granules having a diameter of 1 to 3 mm. 

Subsequently, the granules were heated for 10 minutes at lOO'C, which is higher than the fusing 
temperature of the EVA resin, to give a fuel absorbent according to the invention (which is designated as 
55 Sample 1 3). 

The thus obtained fuel absorbent, as is schematically shown in Fig. 13, is composed of fine polymer 
particles 50 and the thermoplastic resin which is present around, and attached to, the particles 50. In other 
.vords. the fuel absorbent 5 consists of fine polymer particles 50 bonded to the surface of the earner 55 with 
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the fused thermoplastic resin 52 that functions as a binder. 
Example 17 (the third aspect) 

The creamy fine polymer gel particles prepared in Example 16 was collected and washed with warm 
water as in Example 16. The resulting fine polymer gel particles were coated on the surface of polyethylene 
terephthalate fibers as a earner of a diameter of ca. 1 mm. The coating was carried out by means of 
dipping. Thereafter, the carrier coated with the fine polymer gel particles was heated to 100 3 C. which is 
higher than the fusing temperature of the thermoplastic resin. 

There was obtained a supported fuel absorbent having a diameter of ca. 1.5 mm (which is designated 
as Sample 14). 

As is schematically shown in Fig. 14, the thus produced supported fuel absorbent is comoosed of fine 
polymer particles 50 generated by the crosslinking of the organic polymer, the thermoplastic resin 52 which 
serves as a binder, and the carrier 55 bearing the fine particles 50 and the resin 52. in other words, the fuel 
75 absorbent 5 consists of fine polymer particles 50 bonded to the surface of the carrier 55 with the fused 
thermoplastic resin 52 functioning as a binder. 

Example 18 (the third aspect) 
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Properties of Samples 13 and 14 prepared in Examples 16 and 17 were determined in the same 
manner as in Example 7. 

Results obtained are shown in Table 3. 

Regarding Sample 14, about 0.2 grams of the sample of supported fuel absorbent (carrier, ca. 0.1 g; 
and the polymer materials, ca. 0.1 g) is placed in the same container (weight: V), and the total weight (W) of 
the sample and the container is weighed. The sample is treated in the same manner as in Example 7 and 
absorption rate was determined. 

For the purpose of comparison, a creamy product of fine polymer gel particles was preoared in a 
similar manner as in Example 16, except that the thermoplastic resin as a binder was not used. The product 
was washed thoroughly with warm water up to a state where no PVA as a dispersant remained thereon, and 
then subjected to drying and granulation in the same manner as in Example 16, to give a fuel absorbent 
(which is designated as Comparative Sample C3). Results obtained are also shown in Table 3. 
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It would be understood from Table 3 that the fuel absorbents according to the invention (Samples 13 
and 14) are superior in load at break to the Comparative Sample (Comparative Sample C3). This is because 
the fine polymer particles constituting the fuel absorbents according to the invention are bound with the 
thermoplastic resin that functions as a binder, and hence the fuel absorbents as a whole can be physically 
stronger than the comparative sample. 
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In particular, Sample 14 is highly strong since they are supported by a carrier. 

The fuel absorbents according to the invention therefore are also excellent in durability against the 
repetition of the absorption-desorption cycle. 

On the other hand, the comparative sample (Comparative Sample C3), although its absorbing capacity 
5 is quite high, is fairly inferior in load at break at the time when it has absorbed fuel, because the fine 
polymer particles constituting the sample are not bonded with a thermoplastic resin. Such an absorbent is 
therefore poor in durability during the course of the absorption-desorption cycle. 

Example 19 (the fourth aspect) 

w 

A fuel absorbent was produced in the following manner. 

in the first place, 14 g of ethyiene-propylene-ethylidenenorbornene copolymer (EP 33, manufactured by 
Japan Synthetic Rubber Co.) as an organic polymer having the function of trapping fuel was dissolved into 
toluene (weight of the solution: 140 g). 
75 Subsequently, 9.3 g of powders of polyethylene (PE) resin thermoplastic resin powders was added to, 
and admixed with, the solution (weight of the mixture: 149.3 g). The powders of the thermoplastic resin had 
a grain size of ca. 30 urn. 

To the resulting mixture was added benzoyl peroxide as a crosslinking agent in an amount of 20 parts 

(reduced to 100% pure product), per 100 parts of the above polymer. To the resulting mixture was 
20 additionally added diviny [benzene as a crosslinking aid in an amount of 20 parts, per 100 parts of the above 

polymer. Nitrogen gas was then bubbled into the thus prepared mixture to remove oxygen dissolved therein 

as a deoxidation treatment. 

On the other hand, 800 g of aqueous 1% solution of polyvinyl alcohol (PVA) as a dispersant having a 

polymerization degree of 500 and a saponification degree of 86.5 to 89 mol% was placed in a pressure 
25 vessel. A high power stirrer was fitted at the top of the vessel, and the vessel was sealed. The vessel was 

evacuated and then filled with nitrogen gas. This deoxidation treatment was repeated three times to remove 

oxygen dissolved in the solution. 

Thereafter, the deoxidized copolymer solution prepared above was poured with vigorous agitation into 

the deoxidized PVA solution contained in the pressure vessel, to form a dispersion. After the completion of 
30 the pouring, the pressure vessel was subjected to the same deoxidation treatment as above, and the 

contents were stirred for an additional 15 minutes. 

The stirrer was replaced with a conventional propeller stirrer, and the reaction mixture contained in the 

vessel was stirred at 400 to 500 r.p.m., during which the temperature of the mixture was raised to 92 ' C. 

The resulting mixture was stirred for an additional 6 hours, and then a 20% solution of an antioxidant as a 
35 polymerization inhibitor in toluene was added to the reaction mixture to terminate the reaction. 

After the completion of the reaction, the pressure vessel was cooled with ice water and then allowed to 

stand at room temperature for 3 hours, during which the reaction mixture separated into two phases: an 

upper creamy polymer gel layer, and a lower aqueous layer. The upper layer was then separated to collect 

a gel of fine polymer particles containing thermoplastic resin powders attached thereon, i.e., a thermoplastic 
40 resin powder-containing polymer gel. The polymer ge! collected was subjected to granulation by charging 

them by small portions into a high speed mixer. There were obtained intermediate granules having a grain 

size of 1 to 3 mm. 

The intermediate granules were then heated for 10 minutes at or above the fusing temperature (150° C) 
of the thermoplastic resin (PE). There was obtained a granular fuel absorbent according to the invention 
45 (which is designated as Sample 15). 

As is schematically shown in Fig. 15, the thus produced fuel absorbent is composed of fine polymer 
particles 50 generated by the crosslinking of the organic polymer, and a layer of thermoplastic resin 
powders 52 which are admixed with, and adhere to, the polymer particles 50. In the fuel absorbent 5, the 
thermoplastic resin powders 52 are fused to play a role as a binder for bonding the fine polymer particles 
so 50. 

Example 20 (the fourth aspect) 

A thermoplastic resin powder-containing polymer gel was prepared in the same manner as in Example 
55 19, except that the thermoplastic resin powders were added to a polymer gel of fine polymer gel particles 
produced without using any thermoplastic resin powders instead of being added to the solution of EP. 
The thus obtained polymer gel was granulated and heated in the same manner as in Example 19. 
There was obtained a fuel absorbent (Sample 16) having the same structure as the one shown in Fig. 
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15. 

Example 21 (the fourth aspect) 

5 The thermoplastic resin oowder-containmg polymer gel prepared m Example 19 was coated on the 

surface of a carrier of nylon fibers having a diameter of ca. 0.5 mm. The coating /vas performed Py means 
of aipping. After the dipping, the coated earner was heated at a temperature higher than the fusing 
temperature (150'C) of the thermoplastic resin powders. 

There was obtained a supported granular fuel absorbent having a diameter of ca. 0.3 mm < which .s 

w designated as Sample 17). 

As is schematically shown in Fig. 16. the supported fuel absorbent so produced is composed of fine 
polymer particles 50 generated by the crosslinking of the organic polymer, a 'ayer of thermoplastic resin 
powders 52 as a binder present around the particles, and carrier 55 supporting the particles and powders. 
!n other words, the fuel absorbent 5 consists of a layer of fused thermoplastic resin powders 52 that olays a 

'5 role as a binder to bind fine polymer particles 50 to the surface of the carrier 55. 

Example 22 (the fourth aspect) 

A thermoplastic resin powder-containing polymer gel was prepared in the same manner as in Example 
20 20. The polymer gel was coated, dried and heated in the same manner as in Examples 20 and 21 to 
produce a supported fuel absorbent (which is designated as Sample 18). 

The thus obtained fuel absorbent had the same structure as the one shown in Fig. 16. 

Example 23 {the fourth aspect) 

25 

Properties of Samples 15 to 18 prepared in Examples 19 to 22 were determined in the same manner as 
in Example 7. 

For the purpose of comparison, a control fuel absorbent (Comparative Sample C4) was prepared in the 
same manner as in Example 19, except that the thermoplastic resin powders were not added at all. 
30 Properties of the comparative sample was determined in the same manner as in Example 19. Results 
obtained are also shown in Table 4. 

It would be understood from Table 4 that the fuel absorbents according to the invention (Samples 15 to 
18) are superior in load at break to the comparative sample (Comparative Sample C4). This is because the 
fine polymer particles constituting the fuel absorbents according to the invention are bonded with the 
35 thermoplastic resin powders, and hence the fuel absorbents as a whole can be physically stronger than the 
comparative sample. 

in particular, Samples 17 and 18 are highly strong since they are supported by a carrier. 

The fuel absorbents according to the invention therefore are also excellent in durability against the 
repetition of the absorption-desorption cycle. 
40 On the other hand, the comparative sample (Comparative Sample C4), although its absorbing capacity 

is quite high, is fairly inferior in load at break at the time when it has absorbed fuel, because the fine 
polymer particles constituting the sample are not bonded with a thermoplastic resin. Such an absorbent is 
therefore pcor in the durability against the absorption-desorption cycle. 
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55 Example 24 (the fifth aspect) 



In the first place, a 10% solut.on of 20 g of ethylene-propylene-ethylidenenorbornene copolymer (EP 
33, manufactured by Japan Synthetic Rubber Co.) as an organ.c polymer having the function of trapping 
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fuel was preoared oy dissolving the copolymer into toluene (weight of the solution: 200 g). 

Subseauentiy 1 3 g of powders of polyethylene (PE) resin as a thermoplastic resin powder was added 
to. ana admixed with, the solution .weight of the mixture: 213 g). The powders had a grain size of ca. 30 

To the resulting mi<ture was added benzoyl peroxide as a crossimking agent in an amount of 20 par^s 
.'reduced to 100% pure product), per 100 parts of the above polymer. To the resulting mixture was added 
divinyibenzene as a crcssimkmg aid s n an amount of 20 parts, per 100 parts of the above pciymer. Nitrogen 
gas was then Puboiec :rto the resulting mixture to remove oxygen dissolved therein as a deoxidation 
treatment. 

On the other hand, 640 g of aqueous t% solution of polyvinyl alcohol (PVA) as a dispersant having a 
polymerization degree of 500 and a saponification degree of 36.5 to 89 moi% was placed in a pressure 
vessel. A high power stirrer was fitted at the top of the vessel, and the vessel was sealed. The vessel was 
evacuated and then filled with nitrogen gas. This deoxidation treatment was repeated three times to remove 
oxygen dissolved in the solution. 

Thereafter, the deoidized copolymer solution preoared above was poured with vigorous agitation into 
the deoxidized PVA so:ution contained in the pressure vessel, to form a dispersion. After the completion of 
the pouring, the pressure vessel was subjected to the same deoxidation treatment as above, and the 
contents were stirred for an additional 15 minutes. 

The stirrer was replaced with a conventional propeller stirrer, and the reaction mixture contained in the 
vessel was stirred at 120 to 300 r.p.m., during which the temperature of the mixture was raised to 92 C. 
The resulting mixture was stirred for an additional 6 hours, and then a 20% solution of an antioxidant as a 
polymerization inhibitor in toluene was added to the reaction mixture to terminate the reaction. 

After the completion of the reaction, the pressure vessel was cooled with ice water and then allowed to 
stand at room temperature for 3 hours, during which the reaction mixture separated into two phases: an 
upper creamy polymer gel layer, and a lower aqueous layer. The upper layer was then separated to collect 
a polymer gel containing fine polymer particles generated by the reaction of the organic polymer, and 
thermoplastic resin powders attached on the surface of the particles. 

Thereafter, the gel was coated on the surface of a thermoplastic carrier consisting of PE granules 
having a diameter of ca. 1.5 mm. The coating was performed by means of dipping. 

The coated intermediate product was then heated for 3 minutes at a temperature higher than the fusjng 
temperature (150° C) of the PE resin used for the powders and higher than the fusing temperature (150 C) 
of the PE resin used for the carrier. There was obtained a fuel absorbent according to the invention (which 
is designated as Sample 19). 

As is schematically shown in Fig. 17, the thus produced fuel absorbent is composed of fine polymer 
particles 50 generated by the crosslinking of the organic polymer, thermoplastic resin powders 52 as a 
binder present around the particles, and a thermoplastic carrier 60 supporting the particles and powders. 

To be more specific, the thermoplastic powders 52 are fused to function as a binder for binding the fine 
polymer particles 50. The powders and the particles are bonded to the surface of the thermoplastic carrier 
60. forming a supported fuel absorbent 5. The bonding between the particles 50 and the carrier 60 is 
secured by the pcwders 52. so that the particles and carrier are fused and adhere mutually to each other. 

Example 25 (the fifth aspect) 

A polymer gel containing fine polymer particles and thermoplastic resin powders was prepared in a 
similar manner as in Example 24. except that the thermoplastic resin powders were added, instead of being 
added to the solution of EP 33. to a polymer gel of fine polymer particles produced from the organic 
polymer without using any thermoplastic resin powders. The polymeric gel was then coated on a 
thermoplastic carrier. 

As is shown in Fig. 18. the thermoplastic carrier 6 was m the form of a granule consisting of a core 62 
and a surface layer 63. The core 62 was made of polypropylene resm, and the surface layer 63 a PE resin, 
too. The diameter of the core 62 was ca. 0 8 mm. and the thickness of the surface layer 63 was ca. 0.1 mm. 

The organic polymer and the thermoplastic resin powders ^ere used in the same ratio as in Example 

24. 

Thereafter, the coated product was heated at 150* C. which is higher than the fusing temperature of the 
thermoplastic resin powders and that of the surface layer 63 of the carrier, to give a fuel absorbent 
according to the invention (which is designated as Sample 20). The heating was earned out in the same 
manner as in Example 24. 

The thus obtained fuel absorbent, as is shown in Fig. 18. .s composed of a thermoolastic carrier 6 
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consisting of a core 62 and a surface layer 63, and fine polymer particles 50 bonded with the fused 
thermoplastic resin powders 52. 

Example 26 (the fifth aspect) 

5 

Properties of Samples 19 and 20 prepared in Examples 24 and 25 were determined in the same 
manner as in Example 7. 

For the purpose of comparison, a creamy polymer gel containing fine polymer particles was prepared in 
a similar manner as in Example 24, except that the thermoplastic resin powders as a binder was not added 
10 at all. The polymer gel was subjected to granulation (without being applied on a carrier), to give a granular 
fuel absorbent (which is designated as Sample C5). The properties of the absorbent were determined. 
Results obtained are also shown in Table 5. 
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As would be understood from Table 5, the fuel absorbents according to the invention (Samples 19 and 
20) are superior in lead at break to the comparative sample (Comparative Sample C5). This is because the 
fine polymer panicles constituting the fuel absorbents according to the invention are bonded not only by the 
fusion of the thermoplastic resin powders as a binder, but by the fusion of the thermoplastic earner, and 
hence the fuel absorbents can be highly strong as a whole. 
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The fuel absorbents according to the invention therefore exhibit marked durability against repeated 
absorption and desorption of fuel. 

In addition, the absorbents can also be excellent in their capacity for trapping fuel. 

On the other hand, the comparative sample (Comparative Sample C5), although its absorbing capacity 
5 is quite high, is fairly inferior in the load at break at the time when it has absorbed fuel, because neither 
thermoplastic resin powders nor thermoplastic carriers are used to bond the fine polymer particles 
constituting the absorbent. Such an absorbent is therefore poor in the durability against the absorption- 
desorption cycle. 

Having described out invention as related to the embodiment shown in the accompanying drawing, it is 
70 our intention that the invention be not limited by any of the details of description, unless otherwise 
specified, but rather be construed broadly within its spirit and scope as set out in the accompanying claims. 

Claims 

75 1. A process for producing a fuel absorbent, which comprises the steps of:; 

dissolving an organic polymer having a function of trapping fuel in a solvent to produce a polymer 
solution; 

adding a crosslinking agent to said polymer solution to allow said organic polymer to react in the 
presence of said crosslinking agent; and 
20 bonding, after the completion of the crosslinking reaction, the resultant fine polymer gel particles 

with each other and/or on a carrier. 

2. A process according to claim 1 , wherein said organic polymer is a material selected from the group 
consisting of polypropylenes, poiyethylenes, polyisoprenes, polybutadienes, polyisobutyienes, poly- 
25 styrenes, polynorbornenes, polysiloxanes, ethylene-propylene-diene copolymers, styrene-butadiene 

copolymers, ethylene-propylene copolymer, isobutylene-isoprene copolymers, butadiene-acrylonitrile 
copolymer, ethylene-vinyl acetate copolymers, acrylic polymers, styrene-isoprene copolymers and 
polyepichlorohydrins. 

30 3. A process according to claim 1 or 2, wherein said solvent is a material selected from the group 
consisting of toluene, benzene, xylene, dimethyibenzene, trimethylbenzene, cyciohexane, pentane, 
hexane, heptane, methylene chloride, chloroform, carbon tetrachloride, trichloroethylene. 

4. A process according to any of claims 1 to 3, wherein said crosslinking agent is used with a crosslinking 
35 aid. 

5. A process according to any of claims 1 to 4, further comprising the steps of adding with stirring said 
polymer solution to a separately prepared solution containing a dispersant before adding said crosslin- 
king agent, and subjecting said fine polymer gel particles collected after said crosslinking reaction to 

40 drying and then granulation, wherein at least part of said dispersant remains on said particles. 

6. A process according to claim 5, wherein said fine polymer gel particles are washed with water of a 
temperature from 50 to 70° C, wherein said dispersant partly remains on said particles. 

45 7. A process according to claim 5, wherein said fine polymer ge! particles are washed with a solvent 
which does not dissolve said dispersant and thereafter dried and said dispersant partly remains on said 
particles. 

8. A process according to any of claims 5 to 7, wherein, by said granulation, granules are obtained and 
so said granules are coated with a reactive substance. 

9. A process according to claim 8. wherein said reactive substance is a material selected from the group 
consisting of urethane, epoxy, silicone and amino thermosetting resin. 

55 10. A process according to any of claims 5 to 9, wherein said dispersant is at least one of polyvinyl 
alcohols, gelatin, tragacanth gum, gum arabic, starch, methyl, celluloses, carboxymethyl celluloses and 
polyacrylates. 
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11. A process according to any of claims 5 to 10. wherein sa,d fine polymer gel parties have a gram size 
from 10 to 100 ana said oarticles include said scivent and said dispersant. 

12 A orocess according to any of claims 5 to 11 "herein said dried fine polymer gel parties containing 
said dispersant are granulated by a granulatcr to produce a granular fuel absorbent nav.ng a grain 

from 1 to 5 mm. 

13. A process according to any of claims 8 to 12. wherein the coating thickness of said reactive suostance 
■s :n the range from 0.1 to 500 am. 

14 A orocess according to claim 1, further comprising the steps of adding with stirring said ooiymer 
solution to a separately prepared solution containing a dispersant before adding said crossnnking agent, 
roating said polymer gel particles, collected on a carrier after the completion of saia crosslinking 
reaction, wherein at least part of said dispersant remains thereon: and then subjecting the dispersant 
coated particles on the carrier to drying. 

15 A orocess according to claim 14, wherein said fine polymer gel particles are washed with warm water 
of a temperature from 50 to 70 'C and said dispersant partly remains on said particles before coating 
on said carrier. 

16. A process according to claim 14, wherein said fine polymer gel particles are washed with a solvent and 
said solvent does not dissolve said dispersant before coating on said carrier. 

17. A process according to any of claims 14 to 16, wherein said earner is in the form of grains, plates, 
cloths, nets or threads. 

18. A process according to any of claims 14 to 17, wherein said product, after being subjected to drying, is 
coated with a reactive substance. 

19. A process according to claim 18. wherein said reactive substance is a material selected from the group 
consisting of urethane, epoxy and silicone thermosetting resins. 

20. A process according to claim 18 or 19, wherein the coating thickness of said reactive substance is in 
the range from 0.1 to 500 urn. 

21 A process according to claim 1 , wherein a thermoplastic resin binder is dissolved in said solvent with 
sa,d organic polymer, said fine polymer gel particles collected after the completion of said crosshnking 
reaction are dried and granulated to obtain intermediate granules, and said granules are heated to a 
temperature at which said thermoplastic resin binder fuses. 

22 A process according to claim 21. wherein a crosslinking aid is additionally combined with said 
crosslinking agent, and the total amount of said crosslinking agent and said crosslinking aid is rrom 1 to 
20% by weight, based on the amount of said organic polymer. 

23 A process according to claim 21 or 22, wherein said collected fine polymer gel particles are coated on 
a carrier; and the coated product is dried and heated to a temperature at which said thermoplastic resin 
fuses, thus forming a fuel absorbent supported by said carrier. 

24. A process according to any of claims 21 to 23. wherein said thermoplastic resin binder is a material 
selected from the group consisting of olefinic resins, styrene resins, acrylic resins, polycarbonate resins 
and acid-modified polyolefin resins. 

25. A process according to claim 24, wherein said olefinic resin is a material selected from the group 
consisting of polypropylenes, polyethyienes and ethyl-vinyl acetate copolymers. 

26. A process according to claim 24, wherein said styrene resin is a material selected from the group 
consisting of polystyrenes and styrene-acrylomtrile copolymers. 
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27. A process according to claim 24, wherein said acid-modified polyolefin resin ts a polyolefin grafted with 
maleic anhydride. 

28. A process according to any of claims 21 to 27, wherein said fine polymer gel particles comprise said 
5 thermoplastic resin binder, said solvent and said dispersant. 

29. A process according to claim 1, further comprising the steps of adding a binder of thermoplastic resin 
powders to said polymer solution before adding said crosslmking agent; subjecting, after collecting said 
resultant fine polymer gel particles containing said thermoplastic resin powders, said fine polymer gel 

io particles to granulation to obtain intermediate granules; and then heating said granules to a temperature 

at which said thermoplastic resin powders fuse and adhere mutually. 

30. A process according to claim 29, wherein said thermoplastic resin powder-containing polymer gel 
particles are coated on a surface of a thermoplastic carrier, and the resultant coated product is dried 

15 and heated to a temperature at which said thermoplastic resin powders and the surface of said carrier 

fuse and adhere mutually, thus forming a fuel absorbent supported by said carrier. 

31. A process according to claim 1. further comprising the steps of adding with stirring said polymer 
solution to a separately prepared solution containing a dispersant before adding said crosslinking agent; 

20 adding, after collecting said fine polymer gel particles, thermoplastic resin powders to said fine polymer 

gel particles; subjecting the resultant thermoplastic resin powder-containing polymer gel particles to 
granulation to obtain intermediate granules; and then heating said granules to a temperature at which 
said thermoplastic resin powders fuse and adhere mutually, 

25 32. A process according to claim 31, wherein said thermoplastic resin powder-containing polymer gel 
particles are coated on a carrier, and the resultant coated product is dried and heated to a temperature 
at which said thermoplastic resin powders fuse and adhere mutually, thus forming a fuel absorbent 
supported by said carrier. 

30 33. A process according to claim 1, further comprising the steps of adding to said polymer solution 
thermoplastic resin powders as a binder before adding said crosslinking agent; coating, after collecting 
said resultant fine polymer gel particles containing said thermoplastic resin powders, said thermoplastic 
resin powder-containing polymer particles on a thermoplastic carrier; drying the coated product; and 
heating the dried product at a temperature at which said thermoplastic resin powders and the surface of 
said thermoplastic carrier fuse and adhere mutually, thus forming a fuel absorbent supported by said 
carrier. 
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34. A process according to claim 33, wherein said thermoplastic carrier comprises a core and a surface 
layer provided over said core, said surface layer having a melting point lower than a melting point of 



said core. 



35. 



A process according to claim 1, further comprising the steps of adding with stirring said polymer 
solution to a separately prepared solution containing a dispersant before adding a crosslinking agent; 
adding, after collecting said fine polymer gel particles, thermoplastic resin powders to said fine polymer 
45 gel particles; coating the resultant thermoplastic resin powder-containing polymer gel particles on a 

thermoplastic carrier; drying the coated product; and heating the dried product to a temperature at 
which said thermoplastic resin powders fuse and adhere mutually, thus forming a fuel absorbent 
supported by said carrier. 

so 36. A process according to claim 35, wherein said thermoplastic carrier comprises a core and a surface 
layer provided over said core, wherein said surface layers melting point is lower than said core's 
melting point. 



37. 
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A process according to any of claims 29 to 36, wherein said thermoplastic resin powders contain at 
least one of polypropylene, polyethylene, poiybutylterephthalate, polyethyleneterphthalate, polyox- 
ymethylene and nylon. 



38. A process according to any of claims 29 to 37, wherein said thermoplastic resin powders are added in 
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an amount ,n the range from 20 to 7C% oy weight, based on the weight of said organic polymer 

39. A process according to any of claims 29 to 32, //herein said thermoplastic resin powders have a gram 
size -n the 'ange f rcm 0 01 to 2000 ^.m. 

40. A process according to any of claims 33 to 36, wherein said thermoplastic res.n powders have a grain 
size :n the range from 0 01 to 1000 am, 

41. A process according to any of claims 33 to 40, //herein said thermoplastic carrier is m the fcrm of 
grams, piates. cloths, nets or threads. 

42 A process according to any or claims 33 to 41. wherein said thermoplastic carrier is a material selected 
from the group consisting of polypropylene, polyethylene, polybutyiterephthalate, polyethylenetereph- 
thalate. polyoxymethylene and nyion. 

43 A orocess according to any of claims 34 to 42. wherein said surface layer of said thermoplastic carrier 
is a material selected from the group consisting of polypropylene, polyethylene, polybutyiterephthalate, 
polyethyleneterrephthalate, polyoxymethylene and nylon. 

44 A orocess according to any of claims 34 to 43. wherein said core of said thermoplastic carrier is a 
material having a melting pent higher than that of said surface layer and is selected from the group 
consisting of thermoplastic resins, thermosetting resins, metals and ceramics. 

45 A process according to claim 44, wherein said thermoplastic resin is a material selected from the group 
consisting of polypropylene, polyethylene, polybutyiterephthalate, polyethleneterephthalate, polyox- 
ymethylene, nylon, polyimides, polysulfones, polyethersulfones. polyamidoimides, polyphenylene, ox- 
ides and polyphenylene sulfides. 

46 A process according to claim 44, wherein said thermosetting resin is a material selected from the group 
consisting of phenol, melamine, epoxy, polyimide, urea, unsaturated polyester, diallylphthaiate. silicone 
and polyurethane series. 

47. A porous fuel absorbent comprised of fine crosslinked organic polymer formed into particles, wherein 
an outer surface of said particles is coated with a dispersant. 

48 A oorous fuel absorbent according to claim 47. wherein said dispersant is a material selected from 
polyvinyl alcohols, gelatins, tragacanth gum, gum arabic, starch, methyl celluloses, carboxymethyl 
celluloses, polyacrylates, alkaline soaps, organic ammo soaps, sulfates of higher alcohols, synthetic 
surface active agents, proteins, vegetable gums, alginates and saponin. 

49 A porous fuel absorbent according to claim 47 or 48, wherein said particles are additionally coated with 
a reactive substance having a network structure which prevents pores in said particles from being 
clogged by coating materials on said outer surface of said particles. 

4 5 50. A porous fuel absorbent according to claim 49, wherein said reactive substance is a material selected 
from the group consisting of urethane resins, epoxy resins, silicone resins and amino resms. 

51. A porous fuel absorbent according to claim 49 or 50, wherein said reactive substance forms a coating 
with a thickness in the range from 0.1 to 50 am. 

52. A porous fuel absorbent according to any of claims 49 to 51, wherein said absorbent is bonded to a 
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carrier. 



53. A pcrous fuel absorbent according to claim 52. wherein said earner is a material selected frcm the 
55 group consisting of granules, plates, cloths and threads. 

54. A porous fuel absorbent according to any of claims 47 to 53, wherein said particles are coated with a 
binder in addition to said dispersant. 
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55. A porous fuel absorbent according to claim 54, wherein said binder is a material selected from olefin 
resins, styrene res.ns, acrylic resins, polycarbonate resins and acid-modified resins. 

56. A porous fuel absorbent according to claim 55, wherein said olefin resin is a material selected from the 
group consisting of ploypropylenes, polyethylenes and ethylene-vinyl acetate copolymers. 

57. A porous fuel absorbent according to claim 55, wherein said styrene resins is a material selected from 
the group consisting of polystyrenes ind styrene-acrylonitrile copolymers. 

58. A porous fuel absorbent according to claim 55, wherein said acid-modified resins are oolyolefins 
grafted with maleic anhydride. 

59. A porous fuel absorbent according to any of claims 54 to 58, wherein said binder is from 1 0 to 50% bv 
weight of said organic polymer. 

60. A porous fuel absorbent according to any of claims 52 to 59, wherein said carrier is a thermoplastic 
earner comprising a core and a surface layer, and said core's melting point is higher than said surface 
layer s melting point. 

61. A porous fuel absorbent according to claim 60, wherein said core is a material selected from the group 
consisting of thermoplastic resins and thermosetting resins. 

62. A porous fuel absorbent according to claim 61, wherein said thermoplastic resins are mater.als selected 
from the group consisting of polyethylenes, polypropylenes, polybutylene terephthalate, polyethylene 
terephthalate, polyoxymethylene, nylon, polyimides, polysulfones, polyethersulfones, polyamidoimides 
polyphenylene oxides and polyphenylene sulfides. 

63. A porous fuel absorbent according to claim 61, wherein said thermosetting resins are materials selected 
from the group consisting of phenol, melamine, epoxy, polyimide, urea, polyester, diallylphthalate 
silicone and polyurethane. 

64. Use of the porous fuel absorbent according to any of claims 47 to 63 as a control means for fuel 
evaporation loss in automobile canisters or boiler fuel tanks. 
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